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PREFACE. 



The following treatise has been prepared in ac- 
cordance with the reijuest of a large numher of teach- 
ers, who desired to introduce the study of Geology 
into our higher schools. The work is designed to be 
strictly elementary, and hence does not embrace pro- 
tracted discussions on the more abstrase and undeter- 
mined problems of theoretical geology ; it aims to en- 
gage tlie interest of the pupil in the facta of the 
science. 

The authorities for the facts cited are principally 
Lyell, Murchison, Eackland, Ansted, Agassiz, Hitch- 
cock, Daua, and the State Geological Surveya, par- 
ticularly that of Professor Hall of New York. 

The engravings were executed by Professor 
Brainerd, and in some instances the subjects wore 
sketched from nature hy him. 

An analytical table of contents seemed to the 
authc^r preferable, for the purposes of exaraiaation 



H,,.i,.d-,y Google 



IT PREFACE. 

and review, to a series of questions appended to each 
page. 

Experience in teaching geology indicates that 
nothing so much encourages the pupil and facilitates 
his progress, as frequent «se of sections on a large 
scale, to Ulnstrate both the actual modes of occurrence 
of geological phenomena, and theoretical views. The 
map recently prepared by Professor Hall is admira- 
bly adapted to tliis purpose. 
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GEOLOGY. 



DEFINITION AND OBJECT OF GISOLOGY. 

1. Geolooy ia the Science which, treate of the consti- 
tution and structure of the Earth. 

Its object is to observe and describe the mineral masses, 
and the remains of organized bodies, animai and vegetable, 
which compose the globe; trace tho successive changes they 
have undergone and discover the various laws that govern 
sneh changes. 

Descriptive Geology exhibits the facts of the science;. 

Theoretical Geology attempts to account for them ; and 

Practical Geology shows their application to priictical 



Subservient to Geology are — Ohem-Uiry, wbieli treats of 
the ultimate particles of matter, and their modes of combin- 
ation; Minffi-alogy, which chaiaeterisea and classifies the va- 
rions minerals of which the earth is composed ; Botany, and 
Zoology, which describe plants and animals; and Physical 
Geogi-apJiy, which relates the facta concerning the general 
distribution of matter at the surface of the earth — the forms 
and extent of continents and islands, river and mountain 
systems; together with the changes now occuning in them. 
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CHAPTER I 



GENERAL CONST ITCTT ON AND STRUCTURE OF 
THE EAKTI-I. 




PLANETARY RELATIONS. 

2. The Eartli is one of the planetary bodies constituting 
the Solar system — the third in order from the Sun — com- 
pleting its circuit of 600,000,000 miles around that lumin- 
ary in a year, and revolving upon its axis once a day. Its 
relations to the aua and other members of the Solar system 
determine it^ position in space, the amount of heat and 
light it receives, and consequently its vegetable and animal 
economy. A change in the position of its asis would alter 
its climate and the distribution of land and sea. 
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8. IHis/orm of the Earth is that of an oblate spheroid. 
The equatorial diameter is twentj-ais and a half mileB 
longer than the polar. 

Tlie oquatorjal i3inmeter=7935.6 miles, 
" polar " =7899.1 " 

Uiffci-eiioe or flattening, . . 26.6 miles. 

HiiB givea a compression of thirteen and a quarter miles 
to each hemisphere. If the earth should ceaae to rotate on 
its axis, the waters of the oceaa about the equator would 
flow towards the poles, seeking the lowest leTel, t. e. the 
position nearest the center of the eai-th. The direction of 
rivers running towards the equator would be reversed. 

This form of the globe seems to indicate that its particles 
have been free to obey the centrifugal force. The other 
phinets exhibit spheroidal forms. The equatorial diameter 
of the planet Jupiter, exceeds the polar diameter by more 
than six thousand miles. 

DENSITY. 
4. The deimtj/ of the Earth is five and a half times that 
of water. It weighs five and a half times as much as a 
globe of water of the same size. This is more than twice 
the density of the most prevalent rocks at the surface. 
Hence it appears that the density increases towards the 
center. By the pressure exerted beneath the surface the 
bulk of bodies is comprested, and their density consequent- 
ly increased. At the depth of thirty-four miles, air would 
become aa dense as water ; at three hundred and sisty-two 
miles, water as heavy as quicksilver; and at the center the 
average minerals of the surface would be compressed into 
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less than oDe-tentJi tieir present bulk. This would make 
the mean density of the glohe mueli greater than it is. 
Cowscquently the materials within must be diffei-eEt fi-oiii 
those at the surface, or this compressing force must be 
coimteracted by some expansive power. The density of 
the Earth is ascertained by astronomical processes ; observ- 
ing tho deflection of the plumb-line caused by a, mountjiin 
of Iciiown diniensiODB, the atli-action of other planets, &o. 

TEMPERATURE. 

5. The temperature of the globe is determined by a 
v;iricty of influenees. The temperature of the mir/ace is 
influenced by its latiti\de, being wanner near the equator, 
and diminishing towaiil the poles; by its power of absorbing 
and retaining, or reflecting the heat of the snn's rays; by 
its elevation above the general level, the temperature fail- 
ing as we ascend; and by the distribntion of land and 
water, the climate of the ocean and of islands being milder 
and more uniform than that of continents in the same lati- 
tude. Lines joining places having the same mean annual 
temperature, are called isothe^-mal lines. These, on the 
ocean, are vei'y nearly parallel to the equator and to each 
other, but over continents ai'e modified by the extent and 
elevation of the land. The following table gives the lati- 
tude of isothennal lines on the American and European 
coasts : 

17" Fair. 24' 21' 18° 49' 

08" " 82=20' 81=27' 
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BTRUCTUEE OP THE EAETH. 
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C STRCCTORE OF THE EaUTH. 

Till, me n tea [ i tuit, ot tl e wh 1 surf ci, oi the 
JDirtli la estimated to be 58° The s rfjoe tcnipeiatuie 
(letormines the distrilutinn an! growth of pUnts inil iiiii 
mals. 

The heit of the «un penetrates the ciust cf the eaith 
to a limite 1 extent larely exceeding sev ntj toet At this 
limit the iempentijie remains enn^tant thiough th yi'ai 
On descending below this point the temp lature unifonnly 
rises al out 1° of Fahrenheit foi eveiy fift\ foiii feet of 
depth The i ite tf inerea-se varies with the natuie of the 
rocks pissel thiough fiom 1° for thiity teet to 1° foi 
eeveuty feet This has beea estabbshed by nunieious es 
perimenta in mines Aitesian wells * ani mmu-al spiing'' 

In the mine at New Sikweik neai Minlen in Pius 
Bia two thousand fei,t decj the mciease of temperature 
wis at the lite of 1° for fiftj foui feet The mean lesult 
of a krge nnmher of observations in the Saxony mines, 
gives an increase of 1° for seventy-sis feot at depths of two 



* Artesian wells are borings (lirongh wliiolv tlie water ris 
nearij or quite fo (lie snrfuce, where no indication of springs e. 
isted. They are so called from the Frenoli province Artoia — tl 
ancient Artesinm — where they mere used aa early us the 12i 
century of the Christian era. 




Artesian Well. 
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thousand foot; while in a, coal mine in Durham, at afcttut 
the same depth, it is 1° for fifty-nine feet. The rate of 
increaBe observed ia sinking the well at the Baniere de 
Grenelle, Pans, was 1° foi fifty-eight feet In a very deep 
Ai'tesian well recently sunJi it Mondnif tn tin fiontioi of 
Franco and Liixemhourg, fo a depth of neaily two ihm- 
aand three hiindied feet the ■natei at two thousand two 
hundi-cd feet had a temperatuie of 9B° Fahienhcit, show 
ing an jnoroaa:^ it the rj,te of 1° Fahrenheit foi fifiy i ui 
feet.* With this rate of inciease, at tie depth of fifty 
luilos, the heit would I e suffirient to melt ill I iiown i Dchs 

SURFACE CONFIGURATION. 

6. The surface outline of the Earth is very in'egular, 
intersected by mountains and yallios, seas and rivers. The 
highest mountains exceed five miles. 



Dhawalagii^, i 


n tha Himakjas 


, 28,072 feet. 


Aconenguo, 


" Andes, 


23.200 " 


Chimborozo, 




21,420 " 


Dlimani, 




21,149 " 


Mount Blune, 


■' Alps, 


1S,743 " 


Pic Netliou, 


" Pjrencea, 


11,168 " 



Tlio mean height of all the solid parfa of the Earth's 
surface above the ocean, is estimated hy Humboldt at about 
one thousand feet; that of South America, one thousand 
one hundred and fifty one ; of N^orth America, seven hun- 
dred and forty-eight ; of Europe, sis hundi-ed and seventy- 
one ; and of Asia, one thousand one hundred and thirty- 
two feet. The length of the chain of mountains between 
Siheiia and India is ten thousand miles, and its breadth 
one thousand five hundred miles. The mountains of Amer- 
* Anstotl. 
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8 BiarCTURE oi' the earth, 

ica, the Andes and Rocky Mouutaina, extend over 120° of 
latitude. There are also vast depressions below the general 
levd. The Caspian and Aral seas are situated in siich a 
depression, whose whole area ia not less than one hundred 
thousand square miles. The surface of the Caspian sea ia 
eighty-fhree and a half feet feelow the level of the ocean, 
and the sea has a depth of sis hundred feet. The lalce of 
Tiberias has its sui'facc four hundred and sixty-sis feet 
below the Mediterranean, while that of the Dead Sea ia 
one thousand three hundred and eighty-eight feet below 
the same level, and its bottom in some places three hun- 
dred fathoms lower. But the great deeps of the Earth's 
surface are occupied by the oeean. Soundings in the At- 
lantic ocean (27° south latitude 17° west longitude) gave a 
depth of fourteen thousand five hundred and fifty feet, and 
four hundred and fifty miles west of Cape Good Hope, six- 
teen thousand and sixty two feet; while in latitude 15° 
south, longitude 23° west, a line of twenty-seven thousand 
sis hundred feet, did not reach the bottom. Humboldt 
estimates the mean depth of the ocean at one thousand feet. 
7. The distribution of Land and WrUer upon the sur- 
face of the earth is very unequal. 

Water occupies 145,800,000 square miles, 

Laml, " 51,500,000 



Total, .... 196,800,000. 
Neatly three-fourths of the surface is, therefore, bcnctith 
water, and there is sufficient water to submerge the whole, 



THE MEANS OF GEOLOGICAL ISTESTIGATION. 
8. By the Orusl of the Earth, is understood, the exte- 
rior portion of it, which is accessible to man, a few miles in 
thickness. The following diagram ropr->sents the propor- 
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tioQS whiuh tie ei'ust, witli its mountains and seas, bears to 
the globe. The point i indicates a doptb of one Lundred 
miles; h five hundred miles The iliveigence of the lines 
at a and h shows the doptli of the ocian The prominences 
iit d, e,f, and g, adequately lepresent the height of moim- 
tains. The line I is at forty fi\ e miles above the surface — 
the supposed limit of the ituioapheie The thickness of 
the heavy lime reproseiiting the cmstl^ one four hundredth 
part of the distance to the oeater — i. e. ten miles. 

Fig. i 




This crust, inaignifii-int as it m^y seem, when compared 
with the mass of the globe, since it embncea ■»11 the etiiti 
fied I'ocks, enables us to deteimine the vaiiDus changes 
which the Bai'th hasundiigone 

9. The means of miestu/aitng Geological jjicnomena 
are found principally in the fractuie and dislooition of the 
layers of the crust of the Eai-(h Ai-tiflcf*l exca\ ationa and 
borings, aside from the ini.bnation of these lajLri, aie ot 
little avail. The deepest mine extends but a fiactiou of \ 
mile below the surface. Had the strata remained, as tlicy 
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10 BTIliJCTURE or THE EAUTH. 

were deposited, in a horizontal position, wa should havo bcou 
enabled to investigate only the few superficial ones ; hut the 
sJauting position into which they have been thrown, brings 
the lowest of them to the surface, and presents their edges 
for examination, as in figure 6, in which the layers a, b, c, d, 
iind e, present themselves to the observer at the surface, suc- 
cessively from the aiipei-ficial to the deep soatod. Other 
masses of the Crust of the Earth have been preeeod up, in a 
melted state, from deep recesses to the surface, and are thus 
subjected to inspection, as kvas of volcanos. 



CHEMISTllY OF lUE EARTH. 

10. Chemists reoogniae sixty elements, or simple bodies, 
whose coaibinationa produce all the varieties of matter with 
whieh we are acquainted. Many of those occur in small 
qaantities, and are rarely seen, fifteen or sixteen of these 
elements enter largely into tie composition of rocks. 

These substances, however, very rarely present them- 
selves in their elementary state ; hut, eomhiued with each 
other, they make the greatest portion of the Crust of the 
Earth. 

The most prevalent of these is Oxi/geii, which forms 
eight-ninths of water, one-fifth of the atmosphei-c, and con- 
stitutes one-half of all the matter known to ug. With sil- 
icon it forms silica; with potassium, potaesa; with iron the 
oside of iron, &e. Few minerals occiir which do not con- 
tain osygen. 
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CHEMISTRY OF THE EAETH. 11 

Hydrogen forms a portion of minerals, especia.lly bitn- 
minouB coal, and enters into the composition of water. 

Nitrogen is not so abundant, but is found in tlie bones 
of animals, Imng and fossil, in vegetables and in tke atmos- 
phere. 

Ci-ilon IS the most abundant mgieditnt m coal and 
enters into the composition ot hmesttne, nhich ii the tiii- 
bonjtL of lime 

Sulphur exists in the sulphuieta of the metals Bul 
phuiet of iron — ^iion ijiites sulphuiet of lead — galem, 
or had ore, also m the sulj. hates, as sulphate of hme — 
gjEsnm, orplasttr of Paiis It is thiown out extensively 
by ■voleanos 

PMf} t)ie 18 one of the constituents of lock silt (chlo 
nde of sodmm) ^nd is widely diffused in the occin 

jriuorine o&.ura in fluoiida of calcium, (fluor "par ) nnl 
other minerals 

Plmpkmii enters into the comjo&ition i man^ m u 
erals and of animal bone"*, as the pho'ipliite of hinc 

SihcoJi esii^ts m most of the loekf, combined wifh 
oxygen, as silica — qnaitz — which constitutes foitj &o pei 
cent of the Cnist of the Earth 

The Oiido of aluminium — alumina f ima one fifth of 
the mineial feldspii, ind abounds m clay and slato lochs 
It IS estimated at ten per cent of ill the locts 

The oxide of Potasnv.m also enters largely into the 
composition of feldspar and clay. 

Sodiuw, forma a part of rock salt and other minerals. 

The oxide of calcium (lime) occura chiefly as a carbonate 
(liwestone, marble,) which is estimated to form fourteen 
per lent, of the globe'a oruat. 

Magnesia, tbc oside of magnesiumj enttjrs into the 
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t HTllUCTljRE OF TIIK EARTH, 

mpositiori of many rocks, .and aboimda in tlie maguetiian 



Iron ia TCry widely diffused, in the various forms of its 
ores, oside, carburet, anlphuret, &c. 

The combinations of manganese, also arc ooiiimoii iiigi-c- 
dients of roclia ia small quantities. 

Soino knowledge of eliemieal ftiota facilitates tlie resenrcliea of 
the geologist, enitbliiig him to peroeive many changes wliich hare 
taliou place in tho roolis tJiroiigh tlie agency of eliemieal affinity. 

MINERALOGY OF GEOLOGY. 

H. Of the Iraudreds of pimple minerals descnbed by 
mineralogists, a very fen oeeur iu lai'gc q;iiantitic3, making 
up the great mass of the rocks. The most prevalent are 
the following ; 

Qiittj'fe, a haid mineral, striking firo with steel; and 
scratching glass and other substances, (a few rare gems ex- 
cepted;'! infusible before the blow-pipe, and insoluble in 
ordiaury oeida. The transparent grains of granite, and 
of sandstone, are quartz. 

Feldspar, a reddish white, or flesh-colored minoi-al ; 
op^e, easily aorafuhed, becoming white and glassy by tho 
heat of the blow-pipe. 

Mica, a glistening mineral, toiSgh and clastic, suscep- 
tible of ditision into minate laminEe, giving to rocks in 
which it abounds a silvery aspect. 

Bbrnblmde, a black, or dark gi'oen laineral, of glassy 
luster, cccuning in granite instead of mica, or associated 
with it, when the rock is called syenite; in trap rocks and 
in hornblende-slate, 

Augite is nearly identical with hornbleade in all its 
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Stdphale o/Xdme, gypsum, or plaster of Pai'is, alubaater. 

Chloride of Sodiwrrij common salt. 

Toui-nialine — somotimes called aclioii — a black, or dai'k 
, brown mineral; hiittle, becoming electrical when heated. 

Iron Pyrites, a yellow, hard, cubical mineral, often mis- 
taken for gold ; composed of sulphur and iron. 

Iron Ores, and Coal. 

WhilB an iatimate knowleiige of Mineralogy is not indispoaaablc 
to the Geological stadeut, uii aequaifitatioe with tliose minerals 
wMoh enter Ini^ely into tJie conipoaition of roolce is neoosaarj, 
since tlie structure of Oie rooks is determined by them, 

AGENCIES USED IN EFFECTING GEOLOGICAL CHANGES. 

12. The study of Nature in all its departments, im- 
presses upon the mind the idea of incessant change, as well 
in the solid sti-ata of the earth, as ia the more fleeting forma 
of animal and YCgetahle organization. Matter and motion 
seem to be inseparably connected. Changes, however, 
whether slight and momentary, or so grand as to task the 
imagination in their conception, and require ages for their 
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]■! STEUCTUEE OF TBE EAETH, 

ciimpletioii, evince the most enduiing pennauence in the 
laws which produce aud govern them ; and while oiit helief 
in the constaney of natural laws is intuitive, we perceive 
that incessant change is the means of effecting stability in 
the whole system. 

lis. While Geob^sts agree respecting the nature of 
the agents employed in effecting former geological changes 
— that they were identical with those now in operation — 
they are divided in opinion with reference to the inteasity 
with which theee agents operated. One class contends that 
the phenomena require, for their explanation, much more 
extensive and violent action than we witness at present; 
while others claim tliat existing causes have operated 
through all peiiodswith the same degi'ee of enei'gy, and 
when long eonfimied are adeijnate to the production of all 
the phenomena The latter opinion is maintained hj Sir 
Charles Lyell in his Principles of Geology. 

The agencies of geological changes may he classified a« 
atmo^ihei-ic, aqwoits, igneoun, and organic. 

ATMOSPHERIC AGENCIES. 

14. Atmospheric agents produce both chemical and 
mechanical effects. The atmosphere consists of nitrogen 
seventy-nine parts, and of oxygen twenty-one parts in a 
hundred ; of carbonic acid about one pai't in a thousand ; 
and of watery vapor a variable quantity. 

Many minerals are acted upon ehemieaJly by oxygen 
and carbonic acid. The sulphuret of iron (iron pyrites) 
when exposed to moist air, undergoes decomposition ; the 
sulphur unites with a portion of oxygen, forming sulphuric 
acid, and the iron with another portion of the oxygen, form- 
ing oxido of iron ; the two new bodies, thus formed, unite 
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witli each otlier, and the sulphurct of iron is converted into 
the sulphate of iron, (copperas.) Carhonic acid unites with 
the oside of iron, pi'odnci g th bo t f It J 

renders water a solvent oil t thtwt hgd 

with it, failing upon a lim t ock d I nd th 

removes portions of it, 1. g fi d m th 

rock. These chemical ch lly f 1! w d by 

crumbling — disintegratio — f th oci It h w 
Bometimca the means of 1 d t wh th c b u 

ate of lime in solution filt fe m f 1 s^nd t 
cements it, producing a o 1 f d ti 

15. Winds modify th arf f th th by 1 ft g 
sand, gvavei, shells, &c., f p dthlbdpt 

in deserts and on the sea t 

The sands of the Lyl du t h b d t 

cidtB and temples in Egypt M y p t f th t 1 

England, Holland and F it Jly h lly b 

merged by them. In B tt. y f wh 1 II ^ 
whelmed by drifting san 1 th ^ vi 1 1 b th 
surfiee but the spii'e of a church lo Cornwall and Suffolk, 
England, are sand hills composed partly ot comminuted 
shells sever'il hundred ttit above fhi, kvel of tht. %■>, ad 
vancmg upon the cultivated land ^t the nte of five milei in 
a centary ^.nsted &tites thit on the otst of Spim, at 
Cipe Fmisteric, they have advanei.1 sixteen nules la hilf a 
centurj — five bundled and sixty yaids per annum Thesi. 
sand bills are called in England duni's or doiais, m Scot- 
land, hnl-i They aie sometimes arrested in then pio^ic 
by the roots of plants, especially of the aranrh mniarii, 
whi(,h bind them mto a fiim muss They are also some 
times mluratpd by the caibonati of iion, or lime, or by 
6ilin, er'mrnting Ihira thus liimicg ^and=toii i Iht 
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plienoinenict dnftiD^ sands le cxkibitpd in on c unt y 
ou the sandy capes — ^9 it Cape Cod 

16. Ihobt exerts a. de&tiuetive inflicni-e nj n iclI? 
Wten water whict his entered the fissme" oi j.oief tt 
rocks fiLezes it expanla with a fo ce ndequdte to lend tho 
rocks; eich frigment is agun subjeated to the same jio 
cess until it 13 ledui-ed to powdti This is most eois'tpicu 
ona in rocks of loose texture but the densest and fiimest 
do not (.scape Blocks and ledges of giinite hy this pio 
ccaa of exfoliatim lose then angles and edges ind aie 
oft^ntiniLS converted into roualed and giote=quo foiius 
The accumulation of fragments at the bases f piLCipite's 
is called a tul uiuallv [resenting a si jl of I out 40° 

AQUEOUS AaENCIES. 

17. Aqueous agencies are exerted either chemicaUi/, dis- 
solving and deeompoaing rocks, or mechanicaU^, abrading 
them and removing their particles. Water is the most gene- 
ral solvent knowaj and few rocks at the surface escape ita in- 
fluence. Its solvent powe enhan elby dsanlbyh t 

The amount of ommon salt ca honat of 1 nd 

other salts, held in 1 t n n the wate s of 1 e B tl s 
enoimous The a no nt of sol d m tte di oiv d a the 
ocean is estimit^d to h mo e than th ty n ne j ts n a 
thousind cf w iter F om th a ou e shell fl h s co 1 
polyp? and othe an mala uhal tin^ the sea obt. n th 
suj plies foi thei akeletons — hell eo 1 eefs cLc The 
amount thus ivithirawn a replaced by the sol ent pow 
of the wafer exe tod upon the ocks to which the ean 
has accc'fs IFater cha j,e 1 w th ea bon o c d h ng d 
solved the caibon fe of 1 e or the ox le f n may 
loBc its solvent p ■> tl 1 1 b tl If 
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the acid; in sucli case the contained salt is precipitated. 
Such deposites of eai-bonate of lime are called i'ofa or trav' 
ertmi, , or, if tiiej occur m watei tiickhn^ fiom the crevices 
of caverns, they are called italoctitei The deposits made 
on the floor heneatJi the sfalaclife^, are called stalagnhites. 
Simihr deposites of the salts of iron pievionsly held in 
solution constitute the hi/diaia of uon, ho(j iron ore. The 
watirs of hot springs often iinld tifica m solution, ivhich 
they deposite on cooling 

18 The merhaniLo! agency of water is still more mani- 
fest, and IS eithei giadual, as m the wearing down rooks by 
the rain, or rapid, hj torrents, and ocean storms. 

Kivei-s are most efficient agents in transporting mineral 
masses. When their fall is considerable and their motion 
rapid, they wear their beds, deepening their channels. 
They deposit the materials suspended in them along tlieir 
banks, upon their bottoms, or at their mouths 

Their eroding power is increased by the fiiotion of tlie 
ice, sand, and pebbles conveyed by them, and ia eshibited 
on a grand scale at lai'ge waterfalls. The falls of Niagara 
are one hundred and fifty feet in height, and the average 
amount of water passing over each minute, is estimated at 
six hundred' and seventy thousand tons. The position of 
the falls is not stationary; they have receded about fifty 
yards in forty years," and it is difficult to avoid the conclu- 
sion, that they were originally at Queenstoivn, seven miles 
below their present position. The length of time required to 
wear through this space, can not be satisfactorily determined, 
since they must have passed through several rocks varying 
in texture, in which the rate of wealing can not now be 
ascertained. For the same reason their future progi'css 
can not be predicted Tliei'r present situation is favorable 
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to rapid recession. The uppermost rock, over which the 
water faUs, is a hard liiaeBtone ninety feet thick; beneath 
is a soft shale, which is easily worn away hy frost and the 
friction of the water, leaving the limestone jutting over, in 
table rocks, sometimes forty tbet beyond the shale. From 
time to time these table rocks fall off. 




10. The Simeto, one of the principal rivers of Sicily, 
has excavated its bed from fifty to several hundred feet 
wide, and forty to fifty feet deep, since A. D. 1603. In 
the cat given above, a, indicates the lava bed, which des- 
cending from the summit of the great volcano, has flowed 
five or six miles, and usurped the old bed of the Simeto, B ; 
B, the present bed of the river. The lava is not soft and 
scoriaceous, but is a compact, hard rock. 0, indicates the 
foot of the cone of Etna, and D, mai'ine and volcanic beds. 
The general declivity of the river is slight, having two falls 
of six feet each. The abraded materials of the volcanic 
rock have greatly assisted the attrition.* 

20. The mechanical force of rivers is exerted in carry- 
ing forward the sedimentary matter contained in there. 
When the rapidity of the stream is diminished the heavier 
portions of the sediment aa-e deposited : but when the rate 
« Ljtira Piiiiciples. 
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of the emrent is increased by fi'eahets, coarse gravel, peT>- 
bles, and even large blocks of stone, are borne forward bj 
it. Torrents, produced by the bursting of dauia, are very 
deatiTiotivB in their effects. A remarkable example of 
this action occurred in the Valais (Switzerland) in A. D. 
1818. A dam four hundred feet high and six hundred feet 
wide was formed across the valley during the winter, of the 
rocks and ice brought down from the mountains by ava- 
lanches. The water of the river Dranss accumulated 
in this lake containing more thau eight hundred million 
cubic feet. The inhabitants, anticipating destructive results 
from its eruption, opened an orifice in the dam near the 
surface of tlie water, by which three-fifths of the water was 
conducted off in three days, without violence. The barrier 
then gave way, and all the remaining waters were dis- 
charged in half an hour. The tori-ent reached the Lake of 
Gfeneva, forty-five miles distant, in sis hours, desti'oying 
houses and trees that were in its path, and strewing the 
valley with rocks and earth. 

The rapidity with which water excavates a channel was 
illustrated a few years since in the town of Glover, Ver- 
mont. A small channel made li-om Long Pond, which was 
two and a quarter mUes long by one and a quarter wide, 
with a depth of one hundred and fifty feet, was in a few 
minutes so enlarged as to discharge all the water into LaJie 
Memphremagog, twenty miles distant, with the usual vio- 
lent effects of an inundation. 

21. The transporting power of water is rendered more 
efficient by the legs of weight which minerals sustain in 
water. Most minci'als weigh ibout one half as much in 
water as in the air. It is aateitiined by Lspcimicnt that 
a velocity of six inches per se m W 11 i ii c aul tnn ^oi) 
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on a horizontal surface, fine sand; eight inches, courso 
sand, ttrehe indiea, gnvel, and twentj four inches loitndcd 
pebbles Frcsli witer moving wifh i, velocity of one and a 
halt mile pei day, iiises fine clay, and eight ind a hilf 
miles ppi diy removes sand Fine mud settles so slowly 
in mo\ing watei that it is oftta ti-inspoited hundied^ of 
miles befoie leaohmg the bottom Foi this rei^on the sedj 
ment of livers ncai then months con&l^te moitlj of mud 

22 Deposits of mud are colled silt Tbo thickness of 
the aDuvial bed of the Mississippi iiver one huaditd miles 
above ifs mouth, is two hundied and fifty feet Riveis m 
this naj sometimes nise then btds higher thin the ndjom 
m^ plims, and foisiLmg then old beds, iljw m new chan- 
nels The Po Ins leptatedly deserted its bed, deatioying 
a number of towns Seveiil clrerohes hi\e been taken 
down and iemo\ed to esotpe its enatic movenienfa In 
one m-stance, duiing the fifteenth oentury, it ictumed to 
the bed it hid fDi-siken, but agiin deaeited it duting thi, 
flamp centuiy It is now restrained by artificnl b nks on 
an ele\ated mound, so that it? turfice it Feiiai i is highci 
than the loofs of the houses m the oitj The Mi'jsissippi 
19 ilso confine 1 by Lvees 

23 Deltas are deposits of mud, sand, onl gnvel, 
made at the miuths of iiveis, tiiangulai m form, with the 
apes of the tiiangle up the stieam They ire eilled deltis 
from then resemblance to the Gieek lettci A Diltis iio 
Jiuviafilc when fumed at the entiince of oup iivei into 
anothei , lacuslrme when at the entianoe of i incr into a 
Idie, md manfime ■wh.en the iivei empties into the sea 

These deltas often ictumuKte lapidlj, and mount im 
lakes are sometimes entirely filled up by tbtm. The Rhonr 
and Arm enter the Lake of Genevu as turbid streams, but 



H,,.l,.d-,y Google 



AQrEOua AGEKCIES. 



21 



the Khone emerges from the lake perfectly triLUspareut, 
TLe delta fonned is six miles long — a fiat alluvial plain of 
sand and mud. An ancient town, Port Valluis, (Poi'tua 
Yalesiie of the Bomans,) which anciently stood upon the 
shore of the lake, has had its hai'boi- silted np, and is now 
moi-e than a mile and a half inland. Mr. Lyell says, "We 
may look forward to the period when this lake will be filled 
up, and then the distribution of the transported matter will 
be suddenly altered, for the nrnd and sand brought down 
from the Alps will thencaforth, instead of being deposited 
near Geneva, be cairied nearly two hundred miles eoutli- 
wards, where the Rhone enters the Mediterranean." The 
Blione after leaving the Lake of Geneva again a<iquire3 
sediment, and has fonned a maritime delta at ite mouth of 
three hundred and twenty thousand acres. The mouth of 
the river has advanced more than eight miles since the 
commencement of the Christian era. 

24. The delta, of the r^'^. r. 

I^ile commences one hi 
dred miles from the Med- 
il^vranean, and it 
hundi-ed and thnty miles 
broad. It does not at pie 
sent increase mucli be 
cause the SLdiment whir h 
reaches the Meditemn 
'!an is swept awav b} 
easterlj cuiitnt, and tli 
detritusbiongbtdoTrnby 

its periodic floods oie spieid ovei the plams of Egi pt Tbi^ 
fertilizing deposit, consiatmg of silici, alntmina, OMdc of 
iron, and (.ubiiuates lit limi ami jin^ne la h 




Rlht d 
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to the depth of more Uian sis feet sincis the co^Tiiiieneeraotit 
of the Ohristiaa era. 

25. The Ganges preaenta a delta of gigantic dimensions, 
commGncIng two hundred and twenty miles from the sea, 
and haying a, base line of two hundred miles. It i-ondei's 
the waters of the ocean turbid sixty miles from the coast. 
The total amount of sediment annually discharged being 
one four hundred and fiftieth part of the whole weight of 
the water, is sis billion three hundred and sixty-eight mil- 
lion tons, an amount suf&cient to cover a township five miles 
aquai'e to the depth of ten feet. 

The whole coast of Northern Central Europe, from Ca- 
lais to the Baltic, has been covered with mud brought down 
by the B/itru., which in some places is several hundred feet 
thirL Experiments show that the quantity yielded by this 
live), IS ibout four hundred tons weight per hour. 

26 T!ie delta of the jyissmi^^w comprises an area of 
thirteen thousand sis hundred square miles, projecting into 
the Gulf of Mexico, with a depth of 1056 feet, and contain- 
ing 2720 cubic miles. The quantity of water annually dis- 
charged by the river is 14,883,360,636,880 cubic feetj 
quantity of sediment discharged is 28,188,083,892 cubio 
feet, being the one five hundred and twenty-eighth part of 
the water. One cubic mile is formed in five years and 
eighty-one days. The formation of the whole delta would 
have required, at this rate, 14,203 years. The quantity 
annuaUy discharged is sufficient to cover a township five 
miles square with a layer of mud forty feet thick. 

27. The accessions to the land fi'om tlie sediment 
brought down by the Po and the Adlga, are one hundred 
miles long, and vary in width from two miles to twenty 
miles. The town Adn;i, a seaport in the time of the Em- 
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peror Augustus, whidi gitTe its name (Adriatic) to the gulf, 
is now more thau tweaty miles inland. 

28. The dcti-itus of the Amawn does not form a delta 
at its mouth, hut is swept hj ocean cun-ents, and disti'ibu- 
ted partly in the ocean, where it is disceriiible three hun- 
dred miles from the mouth of the riTer, and partly to tlie 
coast of Guiana, where it has formed an immense allurial 
deposit. When the matter deposited at the mouth of a 
river 1ms not accumulated sufficiently to rise to the surface 
of the water, it js called a har. Such a hai', ciiUed " tlie 
Overslough," is formed a few miles below Albany, in the 
still water caused by the meeting of the waters of the Hud- 
son with the fide from the ocean. The attempt to remove 
this obstacle to navigation by contracting the river, tended 
odIj to increase the ^eiocity of the current and thrust the 
bar farther down the river. 

29. In addition to tie materials conveyed mechanically 
by water, extensive deposits are made by springs. The 
waters of many springs ai'e charged with cai'bonate of lime, 
which is deposited when the water issues from tho rocks. 
Substances deposited in such water become ittcruated with 
limestone. This is not pefidfaction, since the substance 
undergoes no change, but is simply enveloped in the inci-ust- 
iog 1 

'-'^^^^^'^^^ ^ 

TheprcccdiDg' ' .i (ImsinCT-UKtod. Mauj 
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swch springs in aorthetn Oliio inciust the mosses growing 
in their vicinity, fumieliing beautiful hut frail specimens. 
The loose, porous rock formed by these ileposits is called 
tufa; the compact ia called travm-iin. Beds of these, some 
miles in length and several hundred feet thick, aie formed 
by springs in Fj'anoe and Italy At San Filippn, in Itiilj-, 
medalbons are made by conducting the water mto mould , 
the deposited mattei fllbng the mould, presents a maihle 
cost of the figme The beautiful ilabastei of Tibn-ez, in 
Ptrsia, has the same oiigm 

30 Deposits of ■'ilicwus matter iro made by hotspiings 
In the Azoiea iislonds hot spimgs nsing through volcanic 
locks, deposit lar^^e quantities of tihcinui sinfei, as it is 
ciiled, m&ruRting with beautiful crystallme sciles all sub 
stances with which their wattia come m contact But the 
most remiik,ible hot spnugs ire the Geyscre of Icelmd, 
whose chcuIjx basins are bned with the nhia of their 
wateis Some spiings deposit iion oie, common silt, 
dsphaltum or mmiial pitch, (Seneca oil,)&c 

nl Another mode of wtion of w^tei la exhibited in 
land shdes In the year 1806, after a luny season, thi 
Kossheig, t mountain m Switzeiland, was undermined, and 
1 maia of two thousincl millions of cubiu teet piecipitited 
into the valley, foimmg hills two hunditd fett high, and 
dtstioyiug seveial villages Land slide; ha\e iho ocLiurpd 
fiom a similai cnune 

in the White Moun — 

tiins, andneai Troy, S'Z 

New Yorl The ^ ^'' ^ 

b.inks of the Luke ,^ ~ ' " 

and the Cuyahoga ^>^^-. 
vaUey in the city ot 7 1, — j 
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GleTthnl, irt, fier[uently snb]i 

degiidition, 13 sli nu m b 

f illo upon the suifiio 

passes through the 

fctrata of gi ivel and 

sand !> and c, ind ae- ^ 

cumulates upon the- 

bed of blue clij b ; 

which IS mostlf im 

pervious to watei , from this it issues, foiming spmgs, and 

cvirying out the sand uiiderEiiues the npper heds Tb s 

degrading influence is increaaed by the erosive action of the 

waves of Lake Erie, e, on the clay bed, as shown at b, in 

flgnro 10. 

82. Glaciers and iceherc/s — water in a solid form — ai-e 
very influential in effecting changes upon the surface of the 
earth, and their peculiai- phenomena have recently attracted 
much attention on the part of geologists. 

Glaciers are iinmenss bodies of ice formed in the val- 
leys or on t]io ■'sides of mountains, extending mnny miles, 
and remaining nndissolved by the heat of summer. Por- 



Fig, 11. 
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titnb uf tlicii niaa iic gimulai snm cciii-nfeil by n,e 
They vary m thickne&s fiom one bundled to ei§kt bun 
dred fbot and bave a very gentle sbpe Thm suifaco 
IS veij rcufjb and oftm sfnddel witb cnnical mosses of see, 
called «c II ' Tbcy aie tiavuscd by wiie fi'ssmcs po 



Fig 12 
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dutei by contmction in the winter. Eauh winter adJa a 
new layer to their surface; the snow, however, disappears 
from their surfaces in summer, aa regularly as from the 
surrounding rooks. Expansion, gravity, and the forms of 
the valleys, cause them to advance slowly down, sometimea 
even to the borders of cultivation. " The very hufs of the 
peasantry," says Professor Forbes, "are sometimes invaded 
by this moving ice, and many persons now living have seen 
tht full eiia of com touching the glaciers, or gathcied lipe 
fhcmes fiom the tree with one foot standing on the icc 
The luifaces ind miss of ghciPi'f abound with fiigmtnts 
of locks which aie often airangcd in long lines, and aie 
til'ed moraines Thu lOcIs over which gliciers pass oie 
smoothed "jci itHipd aid ^roo^d, by '■md and angilir 






stonei foiced forwnid by their enoiinous prcfiure Thesis 
st]j» und grooves aie paiillel to cith othi,i bpcause the 
fn^mcnts which pioduoed them are fixed in the bottom of 
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the glacier. Sometimes loose stones give rise to irregiilar- 
itiea of direction and figure. 

33. Fi-om glaciers formed in 1 igh 1 1 1 d n th 
sea, fragments of varioua siaes fall t th ooc 1 co 

stitute iceberffs. The polai' eeas b i w th th m t il 
Beasons, and marine currents float m yfthm tlw 
latitudes. They are sometimes of g t n d 

thirteen miles in length, and on h 1 ^ f t h th 
water, giving a thickness of seven h d 1 ht 1 11 

feet.* Floating into warmer w te d m { h oe 

bergs melt depositing their loads f th d k th 
bottom of the oo a Many of th m ^ V th N w 

founl nl Banks and afte 1 avy 1 Id h ce 

of the bottom th y m It and m 1 hfimtthy 
conveyel w th the s.nds of the B k Sml [h o- 
D ena a smalle le ewt 1 Ik 1 

J t ^me t ft by 



trnyHy of Ics Is suoli as to maka it Ooat ivltli oemiIoHi of its 
rfinwof tie water; buHffiHerse ai-e porous, amlfloatiritli the 
imoiurs^il, SD tlint oncscveiifh or oni>*i5iith in aT,0VI; the water. 
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the melting iee ; the succeeding season it may be returned 
by the same tigency fo the other side. 

34. The geological agency of the ocean, ia, like that of 
rivers, twofold. 1st, EroaiTe, wearing away the coast, 
nndennining and excavatiug cliffs ; ajid, 2nd, transportinft 
and accnmulating the detritus to form new land. It pro- 
duces these effects hy means of waves, tides, and currents. 

35, The action of waves is incessant, but varies in ex- 
tent according to the nature of the exposed shore. Since 
they do not penetrate very deep, and have no progressive 
motion ia the open sea, they do not affect the bottom of 
the ocean, except where it is very shoal. Cliffs of soft 
rocks, clay, chalk, or sandstone, are very rapidly under- 
mined and worn away. The hardest rocks, however, can 
not resist its never ceasing attacks. Headlands of alter- 
nately hard and soft rocks, especially if intei-sected by 
crevices, are worn away with very great rapidity. The 
coasts of JEugland exhibit this ei-osive action of the ocean 
in a remarJtahle degree. The clifis of Yorl^shire, it ia 
ascertained by carefiil measurements, repeated after inter- 
vals of many years, are woi-n away six feet in breadth, 
annually. The average annual loss on the coast of Norfolk 
ia about three feet. When Mr. Lyell, in A, D, 1829, visit- 
ed Shorringham, Norfolkshire, he found water twenty feet 
deep, where forty-eight years before stood a cliff fifty feet 
high. In the county of Kent, near the mouth of the 
Thames, stands the Church of Reculver, upoa a oHff twenty 
feet above the sea. In the time of King Henry VIII. the 
distance between the ohuroh and the brink df the cliff was 
one mile. The following cut represents the appearance of 
the spot in A. D. 1781, when the encroachments of the 
sea had atti-acted notice, though considorabh- space, with 

3« 
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other liuillms'!, mfem 



iH-twi-ea tilt 
in lueicnt ~B^ 



iiic fLrtitLcition 








which ■was two hundiGd and foity tact neiitr the sea than 
the church wn^, har[ lecentlj heen audcrnuncd ind pro- 
cipitated into the oci-in In 4 D 1S04 i p irt of the 
chuixhyaid with "some aiijoiniiHj houses wis wished away, 
ind the lacient church with its two lofty spues, a well 
known hnd moik, wis dismantled, and a,handoned as a 
place of worship Pigoie IC represents it as it appearorf 

n A I> 1''34 It w uld p bahly long since hare fallen, 

hdntth n n ft!e ocean been checked by an 

a tii 1 usew y f t n and large wooden &pilea diiven 

to h nd t b ! fh fnixie of the waves. The isle 

fShipy nt n distance from the main land, on 
th jjl t h 1 n fi{, 15 irhicli is sis miles long and 
f 1 J t 11 1 ;vgoing abrasion, having lost 
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fifty acres nithm the last t>eiity years * There nieothei- 
instances in whn,li islands la tius (^Geiman) ocuin nnl im 
poi'tant senpoit towns have been entiiely obliterated 

36. The Lnglish chinnel probably ow'^'i its nigm to 
the erosive action of the ocean, tiie geological featmea 
of the coasts of FnglanJ and Fiance cleiily indicating 
that they wcie toimeilj u.nit(,(l Duiicg the thiiteenth 
century, a channel hilf is wide as the English channel, 
wna excavatLd in the uoifh f Holland sepaiating Piiesr- 
land from the mam land Ininiensi, 1 il oi is ( ntm i illj ex 
ponded in Hfllanl toirevent ineinsions if the ocein which 

* Ljell's Prlneiples. 
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tliictten tD mundite much ot the counti) anl dcstio> tlie 
cities of Am'terdim ind Ley ' n The eftect li f hi"! ion taut 
abnsion oil exposed eoastSj is seea m the production of 
caverns, bridgi's, and jsohted pmna:'li,s of rwli, is excia- 
plifiad hy the chalk "NcecUis of the En^hsh coast, and 
the 'Drongs of the north ot Scothnd Figure 17, pre- 
sents a view of the ^lustBr ot ijci.s Been, to the siuth ot the 
Hi!l=wick Nes'! one of the Hi.hiilLS These giimte rocks 
ail, all that leniain ot a fcimei island, which may, at an 
eariiei peuo^^ have heea i piomnntoiy of the mam land 




37 iliD consts of New En^hnd ind Nova Scotii ilso 
eihilit striking instances of tlie abrading powci of the 
noein Boston haibti has been formed by this agency; 
the tufermost ishnds m it, esposed to the Moli,nce of the 
waves, consist ot hue locL, and the moie 'shdteiod ones 
irt coatmually losing i poition of their co\(,ring At 
Cape Mny, on the noifh side ot Del iviir Bi.;, the sea has 
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encroached upon the land at the rate of nine f«ct in a year; 
and at Sullivan's island, near Charleston, South Carolina, 
foiir hundred and forty feet in a year. The waves of inland 
seas and lakes produce similar effects. The indentations 
of the shores of Late Erie were ed by this agency. 
The mode in which it operates at Cleveland, has been 
already illustrated ' in § 33. The ordinaiy effects of the 
ocean' s agency in wearing and transporting rocks, are 
greatly enhanced hy storms. Masses of rock of from ten 
to thirty tons weight, have been forced by them up an 
inclined shore. During the erection of the Bell Kock light- 
house, six granite blocks were thrown over a rising ledge 
twelve or fifteen paces, and an anchor, weighing two thou- 
sand two hundred pounds, was thrown up upon the rock 
from a depth of at least sixteen feet. 

38. The periodical elevations of the ocean waters, called 
tides, varying from two and a half feet to seventy feet in 
height, estend the limits of the ocean's power, and produce 
very marked effects in narrow channels, bayo and estuaries. 
The action of the tide wave is alternate, advancing and 
receding, destroying as it advances, and bearing away the 
debris as it recedes ; differing in this respect from currents, 
which carry the fragments which they produce or meet 
with, only in the direction of their course. 

" The bore " is a term applied to a sudden influx of the 
tide into a river or strait, which, resisted by the descending 
water, and forced into a narrow channel, rises suddenly, 
and exhibits the phenomena of breakers on a shelving 
shore. It is most conspicuous at the time of spring or 
ighest tide. The bore in the Severn is sometimes nine 
feet high; in the Bay of Fundy seventy feet, producing 
i miidaficns, somotimef. sweeping off trees nnl :ini:i):!ls. 
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39. Auotbei liud ui inoveinent ia the waters of the 
ocean h eshibited by maniif em-rents, which perform a 
most important part m the economy of nature. They are 
of two kinds, diift, tinJ sfteam currents. Drift currents are 
the result of a constant or prevailing winct on the surface 
of the ocean, penetrating to no great depth, rarely exceed- 
ing in Yelocity a, hilf mile per hour, and are easily turned 
from their course They are produced chiefly in the regions 
of the trade ■win la and somefimea ongmitLstie^m currents 
which are immense oceanic riveis e y:,nnj, a space of one 
to tldjfee hinJiel miles m hjeadth and ii, aching, to a veiy 
greit depth They aio en lai-d bj the tonleneyot t i 
that IS displaced to restoie tho e^uilibiium uf the suifiee of 
thp ocean The fngin of the disphcement is not satisfac 
toiily Tseeit lined It has been aaciibed to wmda, imeqinl 
e^ iporation, diffeienoe of rapidity of diumal levolution in 
diffeient latitudeti, L(, 

The Telocity of tKe currents %arios m diffeient puti rf 
their eouise — in some the aveiage i& sixty null's, with i 
maximum of one hundied ind tni-nty miles iii i diy 
Then temperature is eithei highei or lower thin that of 
the suiioundmg sea, according to the tempeiature of the 
iigion in which thty ha\e their oiigm This diffeience 
imount^ tD from 10° to 50° Pahii_nheit tijme of thisi, 
euii cuts extend their com ■ji. thuugh manj thousT.nd miles 
The same cuiieut hw different names ipplicd tj it in sue 
ccssnc paits of ifa coni-se 

40 The chart, Figuie 18, piesents t genual Mew of 
ocean euiTents, especially of oui Gulf atieam, which is i 
continuation of the Mozambiqiii, current lunnm,^ between 
the eisttiu coist of \tiicT and Midngistai 1 ulhi^liie 
Cm uf Cif 1 If . It enf i., th Vtl iih . I] 
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C'Mpn 01 Aijulkat cttitrnt Thenee, under the name of 
smithern Atlantic i-utrent, it fiuw noith easterly until ita 
couree IS turned to the westwaid bj the coast of Africa, a.iid 
the opposition of the Guinea current fiom the north. It 
now forms thi, M^icatorial currpnt, and atrelches across the 
Atlantic, on both sides of the Equatofj about midway be- 
tween Afiicaiud Sonth Ameiiei it divides, sending a branch 
southward along the eastern coast of South America,'^ form- 
ing the Brazil current, while the main stream continues its 
oourse by the coast of Gruiana, crossing the waters of the 
Amazon and receiving those of the Orouoco, and enters the 
Caribbean Sea, as tie Guiana em-rent. From the Unlf of 
Mexico, it issues as the Gulf stream, running north-easterly 
by the coast of Florida and Cape Hatteras to the St. G-eorge 
and Nantucket Banks, and thence eastward by the Azores 
tn the coast of Europe. The length of the G-ulf stream 
fi'cii] Floridii tfl tlie Azotes, Is throe tliousand five hundred 
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miles, which, is fci'averseii in seventy-eight dnys — at fin 
average raUi of thirtj-eight miles per day. The amount of 
water conveyed in it is more than three thousand times the 
amonnt discharged by the Mississippi river, ina.ny times 
greater than all the fresh watei- in the rivers of tie globe. 
In a part of its course near the Florida Gulf, its velocity is 
that of a torrent — five miles per hour.* 

41. The temperature of the Gulf stream at tbo Florida 
coast is 86° Fahrenheit, declining, sis it advances northward, 
to 73° at tte Azores. This vast expanse of water, whose 
temperature is 10° above that of the ocean, must have a 
gi'eat effect upon the climate of adjacent countries. "A 
simple calculation," says Lieutenant Maury, " wiil show 
that the quantity of heat discharged over the Atlantic from 
the watei-a of the Gulf stieam m a winter dj.y, would be 
suf&cient to laise the whole column of atmospbcie that resfa 
Mpon France ind the British islands, fiom the fieeaing 
point to -summer heat It is the influence of this stieim 
upon climate that makes Iicland the Emerald isle of tJie 
sea, and elothee tht shiies of EngUnd with eieigii, n 
robes ; while in the same 1 ititude nn the other Bide, tht, 
shores of Labiadoi lie fift Iruiid in fettus of ice In 
A. D. 1R31, the haiboi of bt Johu^ Newtoui-dland wis 
closed with ice m the month of June, ilthough it is 2° fill 
thor' south than Liverpool, and the mfluence of the Gulf 
stream is felfc m Noiwij, .md on the "(bores of bpttz 
bergen.' 

42. On issuing from the straits of Fionla, thewateis of 
tho Gulf stream ire of i detp indigo blue cohi, and the 
line of S(.piration between it and the gittn watcis of the 
Atlantic, is plainly visible foi hundreds of miles The 

»Jo!ii>(onsPJi>=it)l 4tln 
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jieit eily n the m dJle of tlie Vtlantn. emu 1 ly tli i, 
cuiicnts esteadiug fiom 30° west longitudi, t tli B 1 
mis, and betwi-en the jaiallels ot 20° and 45° nortli hti 
tude — embra ing two hundred and sixty thousand squire 
miles — la called the feargazo sea because its surf'jce is 
covered with the gulj weed (in Spanish, fewgazo) In 
many places it la s thickly matte 1 as tf retaid the \ lo^ 
less of yessels through it 

43. The Arctic current, originating within the polar 
circle, runs hy the shores of Greenland and Labrador idxro.- 
iag tile I&tdstm Bay current ; comes in collision with the 
gulf stream at Newfoundland, where it divides, and sends 
a branch southward by the coast of the United States, con- 
stituting the counter current, between the gulf stream and 
the coast. It entera*the Cmbbean sea as an under current, 
replacing the warm water sent through the gulf stream, 
and mitigating the climate of Mexico and Central America. 
The temperature of the Caribbean sea at the depth of 240 
fathoms, has been found as low as 48° while that of the 
surfiuie was 85°. This cuiTent convoys icebergs from the 
polar seas. Captain Scoresby counted five hundred ice- 
bergs in it at one time. Meeting the gulf streani at New- 
foundland, they deposit enormous loads of rocks and earth, 
having thus greatly extended, and probably originated the 
Banlis. The d^tA of the great oceanic stream cwrenta has 
not been generally ascertained, but is in some oases seventy 
fiitboms and probably more. Their mechanical effects, espe- 
cially when they move rapidly, must be great at consider- 
able depths, and they transport materials hundreds of miles. 

44. As tides and currents powerfully co-operate with 
waves in destroying rocks on the shore of the ocean, so also 
do they conspire in reproducing lanJ, forming banks, and 
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silting up estaarjes, CuiTeufs assort the materials trana- 
poi'ted by tliem, depositing tlie lieavy fragments of rock 
very near where tliey receive tliem, conveying the sand to a 
greater distance, while the mud settling very slowly may 
be ti-anspoi'ted a veiy groat distunoe. Since the direction 
and velocity of the current are tolerably uniform, tho do- 
posits will he in a good degree homogcueons. The hed of 
the Grerman ocean is traversed hy sand bants, one of which 
" the Dogger Bant," is three hundred and fifty-four milea 
loig and eighty feet high. The gi-catest deposits, espe- 
cially of fine clay, are probably made in the quiet depths of 
the ocean, beyond our observation. By the agency of tidal 
waves, sand is foi-eed upon beaches, and when lided by 
storms, the sand is carried beyond the reach of eucceedmg 
waves. The isthmus of Suez, betweA the Jlediteirauean 
and Rod seas, has doubled its breadth 6int e the time of 
Herodotus. The collection of loose louud wattr worn pcb 
bles, accuDinlated on beaches by waves, is called slwij/k 
Yery many bays and estuaries, ai-e ahoaling rapidly with 
the sediment conveyed into them by tiie waves of the ocean. 
The amount of matter brought down by rivers and deposi- 
ted as deltas, is quite insignificant when compared with 
ocean deposits. So great is the quantity of detritus held in 
auapeneion by sea- water, that extensive tracts of land which 
have been purposely flooded with it r<,peatedly, have bepn 
raised five or six feet' The ocean also diapeises through its 
vast extent, the sabne aubstancea as common salt and cai 
bonato of lime, which it obtains eithei diicctly fiom the 
vocis, or from theriveis which empty into it 

45. The general mult of atmosphem and aqueous 
agencies, is the reduction of clu ited poitions Df the oaith 
to lower levels. The lo s of land thiough th i influence 
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greatly exceeds all deposits in the form of dry land; eonse- 
quentlj a large portion of the detritus is spread over the 
bottom of lakes iind of the ocean. 

IGNEOUS AGENCIES. 

46. We have seen that the tendency of atmospheric 
and aqueous agencies is to destroy the inequalities of the 
Earth's surface, and deposit the materials thus separated at 
the mouths of rivers and on the bottoms of lakes and seas. 
An antagonist force, however — the i^eovs agency — is as 
constantly operating to i-estore and produce these inequali- 
ties. This agency exhibits iteelf in the phenomena of 
volcanoKS, earihquaJcei, Jiot-sprwffs, and gradual elevations 
of extensive lines of coasts and continents. 

47. Volcanoes are openings in the earth, through which 
melted rock, lava, smoke, ashes, gases or vapors are dis- 
charged. They are usually inverted cones or ci'atefs at the 
summits of conical hills or mountains, which vary in height 
from the amallest hill to nineteen thousand feet, (Cotopaxi.) 
When they exist upon land they ai'e called suhaerial ; when 
under the sea, siibmaTine. Those which exhibit no evi- 
dence of action since the oommencerasnt of the historic pe- 
riod, are deemed extinct. Of the active volcanoes, some 
are constant, others intermiitenl. The periods of inter- 
mission vary from a few months to centuries. Monte Epo- 
meo, in Iscbia, ait remaining dormant one thousand seven 
hundred years, again burst forth in the early part of the 
fourteenth century of the Christian era. Volcanic vents, 
which emit only sulphurous, watery, and acid vapors, are 
called solfataras. 

48. The number of active volcanoes is about three 
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hundi-ed; of wMch two-thirda are on isliinds of the ocean, 
and the others are usually near the sea. Some, however, 
ai'e remote from large bodies of water, as Peschan in Ceu- 
tral Aaia, wbich is twelve hundred miles, and some of tiie 
Mesicaa a»d South American volcanoes, one hundred mHes 
distant from the sea. Volcanoes are grouped as ce^itral, in 
which the disturbing power manifests itself in radii from a 
central pointy as the Peak of Teneriffe and the Isle of Pal- 
ma (one of the Canary islaads) ; or volcanic chains or bands, 
in which a jHimber of vents occur in a line extending over 
many miles, oftentimes coinciding with mountain cliaias. 
Such a band is presented by the volcanoes of America, those 
of the Andes and Rocky Mountains being connected by the 
Cordilleras of Mexico. The same chain may also connect 
with the remarkable line of volcanoes passing through tbo 
Aleutian Islands, Karaschatka, Japan, and the Molucca 
islands; thence by the Antartic Land (oa which Captain 
Boss observed active volcanoes) to Terra del Fuego, thus en- 
circling the globe. 

49. The phenomena, of an etuphoi usually com- 
mence with rumbling sounds m the eiith and emission of 
smoke, sulphurous and acid gases horn the moimt)in; 
Ktones and ashes are thrown with Moknt explosions from 
the crater, the earthqualie increasing until the molten lava 
flows freely down the mountain s sides Towaid the, close 
of the eruption, cinders, red hot stones and smoke are 
again thrown out. Impetuous showeis of lain withiivid 
lightning, and if the mountain is snow dad, the sudden 
melting of snow and ice, render the scene stiU more com- 
plicate and awful- The lava sometimes does not nsc to 
the brim of the crater, but bursts through the sides of the 
mountaiQ and flows over the sunwunding ecunfry. 
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its sides and vaulted roof are studded with stalactites of 
lava and iee. 

52. The history of VesuYius and Etna is more com- 
plete than that of any other center of voloanio action, be- 
cause their phenomena have been for a longer time intelli- 
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gently obatrvcd and recordi,d The sontliLin pirt of Itily 
lias, from the euliest penuds of tumuli ob&ciYalion Ijion 
subject to violent lolcanic action But pievioua to the 
Christian era, no record oi tudition of eruptions from 
VcsnviuB ctisteil The 'summit of the mni' called Sonima, 
ns ciipirelcd \iith miks, an 1 its =r!is «(h, coiired mtU 
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luxuriant yegetation. At its base were large towns, among 
which were Herculanauiii and Pompoii. At this period, 
Ischia, Procida, and the Phlegrean fields were the scenes of 
volcanic eruptions. 

53, After a elumbor of ages, Yesuvius, in A. D. G3, ex- 
hibited sigiia of ioteriial agitation in eartbqaafces, which 
increased in frequency and energy until the year 79, when 
an eruption ovenvliclincd the cities Heroulaneiim, Pompeii 
and Stahije. During sixteen hundred years these cities 
were buried from human obseryation and mGmoi7 beneath 
voloanic ashes and lava. In A, D. 1713, ia sinltiug a well, 
some pieces of maible and statuitv were discoveied This 
led to Lxt nsive est ^ t int. m PompLU md IlLimhuenin 




Lug tLa Bite of [*oiu[Kii auil Uiu i^Ync SnniD- 

As the former city was bui-iod in ashes and mud, its exhu- 
mation is comparatively easy, and has furnished animiaense 
store of antiquities — paintings and sculptures, linen cloth, 
lioiischald uten^^Ils, medicines, loaves of bread willi the li-i- 
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ble stamp it the baLir f ifjri, &c., in a perfect state of pre- 
servation Few human slioletona have been found, most of 
the inhabitants having fled before the irruption. iSince 
that period then, have been forty eruptions of Vesuvius, 
sonio of which have destioyed towns — as that of 1631 in 
which lava currents with floods of mud overwhelmed Kesina 
which was built over Herculaneum, and that of A. D. 1784, 
in which Torre del Greco was encased in lava. The erup- 
tion of A. D. 1822, was chai'acterized by violent esplosiens 
Fig. 21. 
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which threw out the lava which had consolidated, altering 
the shape of the crater, and reducing tiie height of the 
mountainfriim four thousand two hundred to three thousand 
four hundred feet. The preceding cut presents the appear- 
ance of the crater iu 1829. The amount of lava ejected by 
Vesuvius in the eruption of 1794, exceeded twenty-two 
millions of cubic yards. 

54. Etna has been known as au active volcano from thfl 
eaihest period's of tradition Its height is ten thousand 
eight hundrtd and seventy feet The baae of ita cone is 
eightj spven milea in ciriumferenee, and there are numer- 
ous subordiinte cones oi leeond iiy volcanoes upon the 
sidts of the mountain More than eighty eruptions of this 
mountain are lecorded, several of which iri, characterized 
hj the great amount of livit ejected, the whole quantity 
erupted far exceeding the mass ot the mountain The lava 
of the eruption of 1669 oveiwhelmed fourteen towns and 
villages, with a portion of the city of C^t^nu running into 
the sea and covLimg eighty four square miles Its erup 
tions sometime'^ mstcid of oceurang at its summit takt 
pliee thiough fisauies in jtb Sides, which ab und w th hia 
dikes 

5!) The volcanie'! f ^rn'ricaarecrenerally d ■■f ng Id 
byth g th ght nlnanb W thm tw d oi f 
I t fcud f m th E lu t n (h d n n t 
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tated b} lit ual ronvilsoEs finding vent ty eruption at 
the varitui tratti' Cotopixi, whinb ri^es to the height of 
eighteen thousand eight hunhed and eighty feet, had five 
^leat eiuptions dunog the list centtuy, which were heard 
at distances of fioni one hundred and forty to sis hun- 
dred miles on the Pic fio coast. Molten lava is rarely 
raised bo high as the bummit of theso volcanoes, but cinders 




c kp il 

and pum en ejp t J Th most d st u t ffe ts ar« 
produeei !y the torrents of n ul an! lolng wafer wh ch 
result fr n the melt ng ot the snow w th wh h the moun 
tain s covered "ind the bu st n^ ot lakes and subterrinean 
oa i efl Tl ese c rrenta of mu 1 and wite fill the valleys 
to the depth of several hund ed feet and ottcnt mes contam 
somanyfahs lattherf t eseen e nie s theitmospheie 
unwholesome for many miles. 

56. In jMexico the transverse baud has five active 
Toloanoes, of which Popocatapetl and Jorullo have attracted 
most atfflntion. Pt^ocata^etl (Smoking Mountain) attains 
the height of seventj3eu thousand seven hundred and twenty 
feet, is snow clad, and continually emits snioke and vapors. 

57. The formation of the volcano JoiiiUo oshibits an 
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inatanoe of tlie oiigin of i volianie mount iii 
vated line ttousind bis hundred and ninetY fue feet aljove 
the plain, (four thousand two hniidicd and sixtj file feet 
above the octan ) moie thin one hundied miles distant from 
the se^ and quite lemote hem my ictne i^lcano It oc- 
u 1 on he plain of Malpais, we^t of the tity of Mexico, 
n he yea 1759 In the month of June ot that year, 
ala m ng fi hterranean noises, with fiequent e irthquakea 
mn n ed and continued about fifty daya After a puriod 
f pp en tian [uilhty on the night ot the 28tli ot Sep- 
tember the inhabitants weie c mpelled to leive the con- 
vuistd pltm, m which a tract ot four squaie miles heading 
like an agitated sea, was laiaed to a heif,ht &m liundied 
and twenty foui feet, flames were seen to issue tnd fiag- 
ments of burning rock were thiown to gieat heighta Two 
rivers were precipitated into the chasms, lucieasing the 
fury ol the flame*" Thouoinda of small cones rose up on 
the pi im fi im six to ten fett high, called by the Indians, 
ovens (hormto^J emitting sulphuieous vapors and smoke. 
In the mid^t of (bese /-itm iiol » 'ftmol siz laige eonicai 
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masses ria ng t nn th ee h n] el to one thousand sis 
hundred feet aboTC the pU n The Itu-gest of these was 
Jorullo wh eh cont n«ed burning inl throwing up immense 
quantities of la^a couta n ng f g enta of granite roclt. 

The annexed d agi<in p esents the outline of the eleva- 
ted plain; (8 & th one J 11 a d 6 the plaii. sloping 
from the base of t! e « nei at an ingle of 6". 
fig. 24. 




53. Kilauea, in Hawaii, Sandwich Islands, is an ever 
active, and most remarkable volcano. It is situated, not on 
the summit, but on the south-eastern flaDlt of Mount Loa, 
at an elevation of three thousand nine hundred and seventy 
feet above the sea, while the summit is nine thousajid seven 
hundred and ninety feet higher. Instead of slender walls 
around a deep crater, liable in most conical craters to ho 
demolished by the explosions of an eruption, the summit of 
this volcano is nearly a plain, and its crater a deep abrupt 
pit, seven and a half miles in circuit, of an oval figure, em- 
bracing about four square miles. At a depth of six hundred 
and fifty feet below the brim of this pit, a narrow plain of 
hardened lava, caDed the " black ledge," projects like a vast 
torrace or gallery around the whoJo interior; and within 
this gallery, below another similar precipice of three hun- 
dred and forty feet, lies the bottom, a vast plain of volcanic 
rock, more than two miles in length. In tliis plain are 
pools of boiling lava, wbicb vary at different times in num- 
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ber and extent, one of wliioli, in Novemljur, 18i0, was 
fifteen hundred feet long by one thousand broad. 'I'he lava 
boils in these pools with various degrees of energy, some- 
times flowing orer, cooling, and thus raising a rim, or pass- 
ing in glowing streiims to distant parte of the crater. At 
times, the activity of the ebuliitioo is Bueh aa to throw up 
jots of the Inva thirty or forty feet high. The overflowing 
of the pools raises cones, sometimes one hundi'ed feet high, 
with central cavities, from which vapors issue. 

The adjoining figure represents a singular spire of lava, 
resembling a petritied fouotain. From small vents, the 
liquid lava, thrown up in jets, falls over, raising a conical 



Fig. 25. 
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base. The column is built up by tlic successive (hops of 
lava which fall upon each other, aa they are tossed up. 
These spires vary in height from a few inches to forty feet, 
iLud ate mioiature craters of emption.* 

59. Four eruptions of Kilauea have occutTed since 
A. D. 1789. That of 1840 was most extraordinary. For 
several years preyious, the lava had been rising in the 
crater, until it stood about fifty feet above the " black 
ledge." The immense pressnre of the lava and gases 
opened flssnres in the sides of the crater, and the molten 
flood flowing in a subterranean channel sis milea, emerged 
in an anoicat wooded crater, rising in it to the iieight of 
three hundred feet; from this again, passing sometimes 
under ground for miles, and then upon the surface, filling 
tlie valleys, melting the hUis, and consuming the forests 
along its path, it poured itself for three weelcs witli loud 
detonations into the sea. The length of the stream from 
Kilauea to the ocean was about forty miles : it accom- 
plished the passage in three days. The breadth of the 
stream varied from one to four miles, and its depth from 
t-en to two hundred feet. The coast was extended by it a 
quarter of a mile into the ocean. The whole area covered 
by it is estimated at fifteen square miles, and the amount 
of lava at six thousand millions of cubic feet. The waters 
of the ocean were so heated that the shores were covered 
for twenty miles with dead fish. Niglit was converted into 
day, its glare being visible more than one hundred miles at 
sea, and at the distance of forty miles fine print could be 
read at midnight. The lava in Kilauea fell four hundred 

sProf. B.ina, in Oie "Geology of tlie Unittd Statfia Eiploring 
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teet 'iLi)«mg thit tin- Liuptnn was a disgoigoment of. the 
i-iv» of fliat crater The feindwicli Isl inds present re- 
markable regiona of voleamc ncti n m which sLveral craters 
oocii within 1 few miles 




60 The pheticniena of suiim.aiim' vol<,'): 
enced by the pressure of the watei of the ocean, which 
may at ceitain cfepfhs entiulv sapptess any exhibition of 
volcanic igenoy eserted at the bottom History abounds 
with authentit, instances of th* use of I'-l nds The Gre- 
oim Aicbipelago is stndiled Tutb them, *iiid the origin of 
many of the Aleutian inlands la withm lecorled observa- 
tion The atiuctnie of others (some of them large, as 
Hawaii, which covei^ four thiuaand squiie miles, and 
whosi summit la neailj fouiteen thousand feet above the 
ocean,) re\eiilB their history lenenffe St Helena, and 
the Azoies have the same ori^m In the jcar 1811, -m 
lai'uid (Sabima) auae out of the ocean neni the Azoiei, 
to the height of thiee hundred feet, with a circiimfeionce 
of cne mile, and iftei remaining six months, disip 
peared 

A remarkal"le volcanic island appeared m thi, Mediter- 
ranean sea, m the month of July, A D Ibill, which re- 
mained visible above thi watPi about thiee months. A 
fiitnitjht pieviously shocks weie espLiieneed on board a 
ship pi'it-iiig the spjt whi h pii luc 1 i\ imiTcssion like 
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Fig. 27. 




61. The term lava is applied to any mineral sub- 
stance which hag flowed from a, volcano in a melted state. 
Lavas consist essentially of two minei'als, feldspar and 
augito. When the feldspar predominates, the lava is 
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called fddspaihic; it is light colored, and has specific 
gravity aot exceeding 2.8. TraAyte is such a lava. 
"When file angite prevails, the lava is dark colored, has 
Epecifio gravity exceeding 2.8, and is called augittc — 
hasultic. Lava cooJed under great pressure is dense, like 
the older roeks; when cooled undei- pressure of the atmos- 
phere only, it is porous, distended by gases. Feldspathic 
lava, flowing into water, is converted into^wmiVe, whick is 
ao Ugkt as to float on the surface of the water. When 
siiex enters largely into the composition of lava, it pro- 
duces volcanic glass — obsidian, which resemhies ordinary 
glass, and is of a smoky hue. A portion of the lava of 
Kilauea is vitreous, and Js sometimes blown by the wind 
into minute threads, called by the natives " Pele's hair," 
The lava of this volcano is more fluid than that of most 
volcanoes. Lava is a very poor conductor of heat, and 
consequently the interior portions of a lava stream retain 
their heat a great length of time. Lava ejected from 
Etna in 1819 was sufficiently hot and fluid to move a yard 
a day nine months after eruption. In another instance, 
lava was in motion ten years after it was ejected. The 
lava of Kilanea, erupted in June, 1840, was so hot in 
November that pieces of paper introduced into fissures in 
it were immediately inflamed. Lava flows wiflin a crust 
which is rapidly formed over its surface. On piei-eiag this 
crust, the flaid mtkin flows out, and its course may in this 
way sometimes be controlled. In the summer of A.D. 1828,a 
mass of ice was discovered on Etna, beneath a bed of vol- 
canic ashes and lava, whose non-conducting property had 
preserved it for centuries from melting. 

63. EaTthquahi's are movements, more or less violent, 
of the superficial crusf of the earth, consisting usually of 
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rapidly auececding undulations, oftentimes accompanied by 
sounds, and traceable in particular directions. Tliree dis- 
tinct kinds of motion are recognised. 1st, The perpeiidicu- 
far, wliich acl« from below upwoi'd, like tlie explosion of a 
mine. This was witnessed in the destruction of Kiobamba, 
in A. D. 1797, when many of the bodies of tlie inhabit- 
ants were thrown upon a hill several hundred feet high. 
2nd, The horizontal, which takes place in successive undu- 
ItttioDB, proceeding in a uniform direction. 3rd, The rota- 
lory or vorticose, which seema to be due to interferences of 
undulations, causing a whirling movement of the Earth, by 
which buildings ai-e twisted round, and parallel rows o( 
trees axe displaced without being prostrated. The first 
movement is the moat common and harmless, while the 
third occurs only in the most disastrous earthquakes. A 
hollow sound, like a mine-explosion, often accompanies an 
earthquake, which is sometimes heard as distinctly at a 
great distance from the scene as iu its immediate neighbor- 
hood. The 2iroffressio7i oi earthquakes is most commonly 
in a linear direction, with a velocity of twenty or thirty 
miles in a minute; but sometimes the concussion proceeds 
from the center of a circle or eHipse, decreasing in force 
toward the circmnference. Their duration is very brief; 
thousands of lives are sacrificed, and cities and provinces 
are reduced to ruins in a few seconds. No eoimtry ia 
entirely exempt from their visitations, but particular re- 
gions are subject to severe, continuous, and extensive con- 
cussions, as Central and South-eastern Asia, South America, 
and Mexico. Slight shocks are so frequent that there is 
reason to presume tliat the surface is continually agitated 
by concussions on some of its points. There are aecounts 
of no less thnn three thmisand four hundred and thirty-two 
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distinct earthquakes which have occurred in Europe since 
the eommericemeiit of the fourth century of the Chrbtiao 

63. The most remarkable earthquake on record is that 
which destroyed the city of Lisbon, in A. D. 1755. It 
commenced witK a sudden subterranean sound : this was 
immediately followed by violent shocks, which demolished 
the greater portion of the buildings, destroying the lives 
of sixty thousand persons. A large quay, to which hua- 
dreds of people had resorted for safety from the falling 
buildings, was instantaneously engulfed in an unfathomable 
ehasni, from which nothing ever rose to the surface. 
Vessels were thrown violently aground; the bed of the 
river was raised to the surface, and immediately afterward 
the ocean came rolling in, fifty feet higher than usual. 
The walls of some houses were seen to open from top to 
bottom more than a quarter .of a yard, and close again so 
accurately as to leave but slight trace of the injury. The 
movement of this earthquake was undulatory, progressing 
about twenty miles a minute, agitating a surface fom' times 
as large as Europe and nearly one-twelfth of the whole 
superficies of the globe. The water in the lakes of Scot- 
land rose and fell three feet. The earthquake was per- 
ceived at Pahlun m Sweden, Barbadoea, and on Late 
Ontario. The sea rose on the West India islands, and a 
ship one hundred miles west of St. Vincent suffered so 
severe a shock that the seamen were thrown upon the deck. 
64. The great earthquake of Calabria, Southern Italy, 
in A. ]>. 1783, was distinguished by the concentration of 
its violence, heaving the surface like the waves of the sea. 
Radiating from the town of Oppido as a center, its violence 
was manifested over an area, of five hundred eriuare miles 
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About two li leltnnsBnl 11 g & 1 st oj 1 nl 

nearly one bunlrccl tliousinl people p sb. il TL iuovp 

ment iras lotary is shown by the twist ng of the sto es of 
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m le long n hund d and fi feet 

bioad and thirty feet deep was foini- 

ed and another thiee fourths if a 

milt long one hundred ind tfty fuet 

hioid and oni, huadrei feet deep 

with numerous elevations and do 

pies^-i us and mani di'jput aiose 

itspectmg the ownership of land 

which had shifted position In the 

- yeai 181*1 a. laige tiact of laad at 

Ob ick of 'ft 11 uu jjjg ^Quth of t[jg indu, ^itli villages 

wa^ submciged ind another traiot called the Ullali Bund 

fiftj miles long and sixteoa bioid was elevated ten feet 

65, Violent and estcnsive earthquakes ooeur in tho viein- 
ity of the Andes, in South Amerioa, A terrible couvuJsion 
was exporioaeed ia 1822 on tho coast of Chiiij by which 
an area of one hundred thousa-d square miles was perma- 
nently elevated three feet. Ib 1812, LaGuayra and Caraccas, 
in South America, wore destroyed by an earthquake of gi'cat 
violence. lu Beeember of the previous year, a series of 
convulsions eoiumonued along the valley of the Mi^issippi, 
from New Madrid to the mouths of the Ohio and St. Fran- 
cis rivere. The earth rose in groat undulations. Lakes, 
twenty miles in extent, were suddenly foi-mcd, and othore 
were drained. Esteusivc chasms opened iu a direction 
North-east and South-wost, and new islands were fui'uied in 
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Ilic iwci Thi-'ie Imitations if (lie MiBasiipji tbIIiJ 
ceised, when the Sintli American cities weie ilastroyed 
This coincidence, togethei ivith the diiPttion of the 
chjsnia, indit,ites a auhterranban tommunieation between 
the locaJitits, whiih are more thin two thousand miles 
apart The violent eaitbquake of GuadaJoupc, which oc 
cuiied la A D 1842, extended in a direction Koith west 
to South east, from Chirleiton, South Oaioltna, to the 
mouth of the Amizon rner, de&troymg seveial towns m 
the West ladii islands 

66 Hot »pr-ini/s are (.ommon in the immeduto incinity 
of Toleinoes They aio found upon the slopet of Elin. 
and Vesuviui, but in great numbers, and with moie im 
posing feataies in that remaikabie fidd of igneous agency, 
Iceland, wheie they aie called Geysers — ^raging tonntajn a 
Withm a circuit of two milea moio than one hundred of 
them may be found They aie situated in Bight of Mount 
Hecla, m a plain it the foot of a hill of gi 13 trachyte (an 
cient lavt ) The ciitei of the gieat Geyser is a flattened 
ooae of 'iiheious mattei, the basin nithm la ff in o\aI 
figuie fifty SIX feet by foity six, terminating at the bott m 
in a perpendicular pipe, seventy eight feet deep Usually 
the basin J3 hilei with cleai water of the tempeiatuie of 
ISO" 

At times a suhteiranean sound, leiembhng that made 
by a volcano duimg an eruption, is heard, inl llun a 
slight tiemalous motion is pcioeived on the 11m of the 
lountam, the snifoce of the wattr m the basm becomes 
ccn\ix, ^nd laige bubbles of steam use and buist, thicw 
ing up the bnhng water se^el■al feet high i heaviei 
U0130 is heard htlow, and aiiddenli theie ''hoof'5 up a 
c luiiin el watez t the height ot on bundled feet ilis 



H,,.i,.d-,y Google 



pcraiDjj at tl i, ^>un n t into dazzlmj, wh t f m Itt r i 
brief 2011 1 a column of steam issq a with -x loul loaiing 
noise this i foUnwed by another c kma of watei hi^hei 
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ramgkd with atonea atcomj; anii-d 
The phenomenon h ta a tew m n 
an resumes its tianqml state These 
unuunJing soil and ill substances 




Badn of Ibc grett Qeyaor of I l^nd 

Boiling springs are found also in the Azores, Java, and 
the volcanic regions of Central and South America. 

ennal springs are not confined to the vicinity of 
active volcanoes, but are found in tlie Alps, and Pyrenees, 
in Virginia, Arliaasas, and Oregon. In all cases, however, 
they are situated near mountains or rocks which have been 
subjected to igneous agency. The teiuperatuvo of the 
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Wiiter varies in different Bpringa; tliat of tlie seventy 
springs in Ai'kansas ranges fmva 118° to 148°. Tiierraal 
waters are charged with salts and gases ; hence they are 
mineral waters, as those of Bath in England, Wiesbaden 
in Gomiany, Sai'atoga, and the Sulptui Springs of Virgjuia. 
C" Anotl e apparent manifestat'on of igneous agen- 
y s th J a/J al elev%t o oi sabs de c of portions of the 
ea th s su f oe An nt rest ng example of this is presented 
i n B of the ten pie of J p tei Serapis, at Puk- 
the si e ot the Eav of B a near Naples. The 
^ bn id ng was originally of a 

qua*iiingular form, twenty 
) ^" feet n d ameter, the roof be- 
ig supi orted by twenty-four 
n te 1 mns, and twenty- 
ot m bl : three of them 
1 11 atanding. The tallest 
f 1 s forty-two feet ia 

!i,l the surface is smooth 
n u njiutd to an elevation 
■ of tnelve feet, where corn- 
men s a band of perforations 
n le Ij the L thod cu^ \l hos, stone, a domos, a house,) 
a shell-fish inhabiting the Mediteiranean sea. These per- 
forations, many of which still contain shells, cover a space 
of nine feet, and are so niunerous and deep as to prove that 
the pillars were for a long time immersed in sea water ; tlie 
lower portions were protected by rubbish and puzzolana — 
volcanic tufa ; the upper portions proj eoted above the water, 
beyond the reach of the lithodomi. The platform of the 
temple is now one foot below lilgh-water mait, and the sea 
is one hiindred and twenty feet ^distant. Tliese columns 
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hivi, been dcj le-ifiec! ind ngain elevat I m i th n tw ufy 
feet the lelatne kvel of the hod and ■sea liaMDg chiDg d 
at least twi e since the Chustiin erit &o gently that 
thew columns have not been piostrated Piofes r Bit 
hige ittiibutes their trauq^m! depression and elev (uu t 
the contioctun and expansion f tho locka on wl i h 
theystani in oonsequeaeo of vamtjona cf tL.inpeiitiio 
A smill Tolcano — i,olfitira — ind a hot sjriiig LXiit in 
then -vicinity Tho c lumns iie Tgam ginduilly aub 

6S The (palual change of tdati /• leid of sei anl 
land, on an extensii e scale m regi ns remote from active 
volcanoes ftnd violent eiifhquakes is exemplified on the 
cotets of the Baltic sea and Noithern ocean Bedo of ma 
rme shells and sunlcen locts have loi,n raised abcvo the 
water Ime and the shells of sppci s now livmg n the 
shore are fouri; fifty mitoa inland and it an eievition is 
asceitt n 1 by Bravaia meisurementi, of six bundled foLt 
above the ocean The northern portion of the coist iia s 
most rapidly the average elevation is stated to bp ft ii 
feet in a centmy Smsed bea ha found in Engl lad at a 
beijjnt of fiim twenty to two hundred feet ibove tho 
esisting sea level, with shells and all the featuits of the 
beaches of the present sea-coast, show the same process on 
^at island. Mr. Darwin has also shown that the southern 
part of feouth America, at least twelve hundred miles on 
the east coast, from £,io de la Plata to the straits of Ma- 
gellan, and a greater distance on the west coast, has been 
raised from one to four hundred feet. The north-easteiii 
coast of the United States is supposed to bo in the same 
process of gradual elevation. On tho other hand, a large 
portion of the coast of Greenland hiis been for four centu- 
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ri s £;rifiualh mqIiu^ \acii,nt liiiU ig^ ou low slinda 
and neii the coists have been submeiged The d pressinn 
of exteniiTe aitjia in the Puifle and In Ian octans 11 
prO¥L.d by the existence of banl s ot deal cd 1 levi-i-al 
hnndicd feet deepei thin the limit it which the inimjl 
can hive li\ed On the coasta of Euiopa ind America 
arfl found suh la vne forestr, eonsist ng of tie 1 and 
stump! tojjethei with peat in tbo pcaition in which they 
oiiginallT giew depresncd SPTeiil feet below tke level of 
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greas by them, are very perishable, and eontribnte little to 
the formation of rocks. But the remains of tm-restrial 
plants enter into the compoaition of soils, and form esten- 
sive deposits in the great swamps. Peaf consists principally 
of the fibroQB roots of mosses, especially of the Sphagnum, 
■which continually throw up new shoots from the decaying 
extremities below. "When di'y it consists of from sixty to 
ninoty-niiie per cent, of carbonaceous matter, forming a valu- 
able fuel. Peat beds, of from foiir to twenty feet tl^iclrnesa, 
a Ireland and Scotknd. The "moss" on the 
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river Sbannou estenils over one hundred and fifty square 
miles ; and one-tentli of the whole island, it is estimated, is 
covered with peat, called hy the Irish, ftw/. It is constantly 
accumulating, with a rate of increase affected by the 
amount of moisture and other circumstances ; in Europe 
its increase is eetiiaated at seven feet in thirty years. It 
is confined to the colder regions of the eaith, since the 
heat of the torrid zone causes very rapid decomposition of 
organic matter. The process by which jt is converted into 
coal has been, in some instauoes, observed. In some peat 
bogs lai'ge trees have been found erect ; its antiseptic power 
over vegetable and animal substances is remarkable, 
preserving them from decay even for centurieB. Peat 
swamps sometiinies burst their barriers and deiuge the sur- 
rouBding country with black mud. 

71. The floods of large rivers carry down immense 
quantities of timber, which meeting obatnictions accumulate 
ia ra/ts, or pass on to the delta, or the ocean. On the Mis- 
sissippi and Red rivers, I'afts have been formed several miles 
long, bearing soil and growing trees. The delta of the 
Mississippi contains many layers of wood undergoing the 
slow process of conversion into coal ; but much of the drift- 
wood passes out to sea, and is conveyed by marine currents 
to far distant coasts, or becoming water kgged smts tr the 
bottom of the ocean. The Icelander is supplied with wood 
for fuel and building boats, by the ocean whiolt biingi^ the 
drift-wood of the Mississippi and the rivers of Cintral 
America to the coasts of his island. The \egetabli, giowth 
of ai'ctio climates is stunted and slow, while that of the 
tropics is gigantic and rapid. 

72. The most efficient organic agency in modifying the 
cmst of the carfh, is osorfcd by tlie most minute and insig- 
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nificant members of the Animal Kingdom — the coral Zoo- 
phytes and animaleMles. 

73. The animals whioh produce coral are very simple, 
resembling plants both in their figures and eolorsi. Until 
the last century they were described as marine plants and 
flowers. They differ irom plants in having distinct mouths 
and cavities to receive and digest food, and sensibility to 
pleasure and pain. They have no system of vessels for cir- 
culation, no glands, no distinction of sex, and no senses but 
those of touch and taste. Their texture is not that of jelly, 
but of flesh. They vary in size from a minute fraction 
of an inch, to eighteen inches in diameter. They live 
either solitary, or in masses of hundreds of thousands. 
Individuals are called po^^s; the whole animal structure, 
whether simple or compound, is termed a Zoopk)/io. Coral 
is not a collection of cells in which the polyps may 
conceal themselves, but an internal skeleton : nor do they 
exhibit any instinct or industry in forming it. It results 
from vital processes in their system, which they no more 
ooutrol, than do the more highly organiaed animals the for- 
mation of their bones. The species are perpetuated by eggs 
and buds. The mode of budding is very similar to the 
budding of plants. A bud swells and bursts on the side or 
estremity of the parent, acquires tentacles and visceral 
oavity, and produces other buds and eggs. Polyps may also 
be multiplied by artificial section, each part having the 
power of reconstructing a complete animal. 

Eveiy Zoophyte, however large or numerous the colony, 
commenced as a single polyp ; successive budding may have 
produced myriads of polyps, which eat and digest separately, 
but all aid in the growth of the common mass. An injury 
to one of them is felt by the surrounding ones, but not al- 
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ways through the Mhole miss Som poljji miy be tuincl 
inside outward witk nc ajpaient injuiy and the Iibid cf 
one poljp may be engiafted on the body of inothpr 
While the pioeeos of buddiug it ilvan&ing it the suitaee, 
death is occuning in tho eentnl and lowu piite jf the 
coral, whiUi, when dead seivo only to iiippoit the Pstcinal 
living part 

74. Numerjui j,cnpia and "ip cias ot these Zcfphjtes 
have been desoiibed by Nituralieta A tew ot thora will 
serve as illustrations of their genei il ippoaiiaoe 

Fig. 31, pieseats three branches pig 31 

of the Oarvoj.il J Ilia the jolyps of 
which are of a blight gieen color, (• 
and reside m thi, ladiatinj, chain ^^^SZi'^ 

Pig S2 ^%, 




The Meandimi 01 hain 
stmo LOtil so called fiom its 
res mblani,e tothecomulutions 
of the bra 

m Figure 32, is of i hi own. color, 

md attains the sizp of several feet 

in circumference In Figure 33, 

thi sjine conl ippeira divested of 

its fleshy eovenng, and exhibits the 

cells within which the pulypa par- 

lially con teal themselves 

The Astre-i i"! a very common 

and widely diffu^id species. It 
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Fig. 34. 



yes it3 name from its 
itect or star-like appear- 
:. The polyp is repre- 
ecl in Figure 34, with 
- its tentacles extended. It 
moves these tentacula, or 
arms, whicli ai'e arranged 
about its head, witli great 
1- stH Cm»l 2. The poijp moKntacd. ^npi^ity jn taking its food. 
■When the animal is removed, the pj gjj^ 

stellate appearnnce of the coral is 
more manifest, as seen in Figure 35. 
A still more common genua, seen 
in cabinets, and as mantel oroamenta, 
is the Madrepore, Figure 36. It is J| 




branched and 
with distinct cells. 
The Flnstra, Figi 
Pig. 3G. 



throughout 



3 3r,i 



adeli- 





while the mvefetmg animj 
Mediterranean !tnd Red 
oniaments. Thia species 



cate coral, often attached to sea 
WLi-ds and shells fhrown upon the 
"here. With a microscope, its po- 
lyps, if examined in the water, may 
be seen expanded, and retracted in 
their culls. 

75. Most corals are white, oven 
when the animals secreting them 
are highly colored, Bnt the Co- 
rallium Euhram — red or precious 
coral — is of a brilliant red color, 
m.il is blue. It is obtained from the 
is extensively used for 
in Fig 3S, 
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Au interesting variety of coral is the Tutiipora, or 
organ-pipe coral, (Fig. 39,) composed of parallel tubes, 
with transverse Fig. 38. 

plates indicating 

rations. It is 
found growing j 
in tie Indian 
ocean several feet Bed Corai 

in oireumfcreneo, and its rich carmine red presents a bril- 
liant gi-ound-work for its polyp of emerald gi'een color, 
Ehrenberg speaks in entliu- 
aiastic terms of the exqui- 
site beauty of forms, and 
gorgeous colorings of the 
corals of the Bed sea. 
" What paradise of flowers," 
""*"" "'" """"* says he " can rival in beau- 

ty these living wonders of the ocean." 

76. It is in the estensive coral-reefs, that the Zoophytes 
evince the power of organic agency in modifying the sur 
■ face of the earth. The gv.ai reef along the line of the 
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nortlicrn coast of New Ilollaad is mora ttan ouo tHouaand 
miles long : a liok of tlu'ee hundred and fifty miles of it is 
continuoiia, witli no passage or opening through it. Dis- 
appointment Islands and Duff's Grroup are connected hy 
coral reefs so continuous that the natives travel over them 
from Olio island to another. Reefs occur in the Pacific 
ocean from one thousand one hundred to one thoiisand two 
hundred miles long, and from three hundred to four hundred 
miles broad, and of a thickne^ from thirty to sixty feet, 
constituting an enormous mass of calcareous matter. These 
Zoophytes live only in warm seas and near the surface; no 
indications of them aae ohtamed fiom di-ep sei soundings. 
Their giowth is slow lut incessant, tlieir numbeis incal- 
culable they aie usually attache I to the shoies of rooky 
islands or to the eie^ts ot submurmo iidges rirely at a 
depth exceeding sizly feet 

77. Coral reefs are classified as Fnngmf/, Barrier, 
and Circular reefs : the latter .are called, by the natives 
of the Pacific islands, a0lls. 

Fringing reefs are belts of coral attached to the coasts 
of islands or continents. When tlie coast is precipitous, 
the belt is narrow; but when it is gently sloping, it is 
covered with coial until it leaches the d^pth if about siitj 
feet, where the animals cease to exist 

78. Barrier reefs nie parallel to the coast and sepi 
i-ated from it by a dit,p channel Figure 40 p eseuts he 
barrier reef of Bohbolx, in the Pacific c an n ^ 
the island, hut sepaiated fiom it TIil, le f s n th s n 
stance covered with trees. These reefs vary f om th ee to 
forty miles in diameter. On the ocean s de Ihey te -m 
nate abruptly in deep water; but with n le 1 ].e s 
gradual. On the outside, the hardier spcci a *^ 7 
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level f the aei was it the low r hne, a, hinging leef at- 
tache 1 itself to the I'Jand at A b md b a. As the island 
sunk m the ocean the leef ^lew upward, and formed tho 
bainer reef A a the iippei bne now constituting the 
ooean hvf.1 It is now i vei tical seotion of the reef, island, 
Fig 43 




anl mteivenmg watei of Fi^uie 40 "\Vhcn the island his 
disippeari-d beneath the octau loTel, we Jiavp the ciieular 
reef or atoll, encloamg a ligoon as in Whitflimday, Fig 41 
80, But the movement of the islands is not exclusively 
that of subsidence; many of them have emerged from the^ 
ocean, and are still rising. The evidence of this is found 
in aneiout rcefe occurring inland and at great elevations 
above the sea. Upon the summit of tbe highest mountain 
in Tahiti, an island composed almost entirely of volcanic 
rooks, there is a reef of ancient coral attached to the rocks. 
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Tliia could have grown only in the ooeanj and has sinoe 
been raised to ita present position. In the Isle of Fr^ince 
also occura a bed of eoral, nt a distance from, the ocean. A 
portion of it is enclosed by two streams of lava, in which 
the charactetistie effects of heat are eshibitod in its partial 
wjstaliziticn — ponTersion info compact limestone or marble. 

bl Cuial reets, having ginwn up to the surface of the 
sw, extend literoUy, increasing their breadth The con- 
ptant action of the waiei atcumulates calcaieons sand, 
shelb, aea weeds and dritt, upon sheltered portions of the 
letf in the soil thus formed, seeds, couYejed by the 
ocean oi by birds from islands or the continent, spring up, 
and tho iccf becumes a htbitable island. 

The miiespd flguie piesents a view of tho peculiar fea- 
tures of 1 Picifii, island, with its fringing and barrier reefs. 
Fig. 4S. 



A I'flcifus Ocflflji leluidj wltli eojuL roatfl. 

One of the most singular peculiarities of coiul islands is 
the shore platform- around them. It is a flat surface, often 
several hundi-ed feet in width, but little above low tide level. 
Upon this lie huge masses of reef rock, worn into fantastic 
shapes. The platform is the result of the abrading action 
of the sea, and is not strictly confined to coral rocks, but 
occurs in sandstone shores similarly e: 
in Figure 44.* 



* Dana'B Giiologj of the United States Esplor 
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STEUCTUUB OF THE F.ARTJI. 
Fig. 44. 




Shore PktlbTm Tlw O d Ha Baj o! Iglnnds. 



82 The m nutest for s of an mol life the micioscopio 
animalcules commonly oolled In/jisona fiom their oecar 
rmfj in gieat quantities m w^ter infused with vegetallo 
mattei iie il'io important ^eologicil gents Some of 
them exhibit the Bin plest coDLSivabJe con litions m which 
animal life can ezist hut otheis show i complex orginiza 
tion, with musculii, nei-vous in 1 \isonlji systems Miny 
of them are ooyered with shields of silica, or the oside of 
iron, whose remains, after the death of the animals, consti- 
tute extensive deposits, although they are so minute that 
40,000,000,000 of them occupy only one cubic inch. 
Ehrcnberg has demonstrated the existence of monads, 
which do not ezceed the twenty-four thousandtli part of an 
inch in length, and so fhictly crowded in the fluid as to 
leave intervals not greater than their own diameter. 
Hence he computes that each cubic line of the fluid eon- 
tains 500,000,000 of these monads. A drop of water, 
therefore, may include a niuuber of these iniusoria nearly 
or quite equal to the present number of human beings on 
th globe They o f und n the ocean asw 11 as nfeh 
wite Th b Is of marl beneath pe t swamps anl it 
the botto of poud^ are o pn d h fly t 1 shell 
anl a of en se e 1 f t n d jth Tl U a 
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floating on the surface of stagnant water consists fre- 
quently of the shields of osido of iron beiongicg to these 
animals. Ehrenhevg has ohtained several pounds weight 
of the silioioiis shields of infusoria, which he reared. In 
case tvipoli, or "rotten stone," (which is a mass of fossil 
infusorial shells,) should hecome scarce, he proposes to 
supply the market from this source. 

83. The rapidity of their multiplication ia roost aston- 
ishing, one individual of the ff;;datma senta having heen 
known to increase in tea days to 1,000,000; io eleven 
days to 4,000,000; and in twelve days to 16,000,000. Of 
another species, Ehrenberg says, one individual is capable 
ofhecommglTO,000,000,000 000 in four days. This rapid 
multiplication is effected by eggs, buds, and spontaneous 
division into two 01 moie paits, each one of 'which very 
soon becomes a perfect animalcule ; this also accounts for 
then wide diffusion, ind sudden appearance in countless 
niunbeifl Thoy aie found in the waters, upon the land, 
■md in the fluids of living, heilthy plants and animals. 
Only thfse, howevei, which hive hard shells, leave any 
trace of thou esiatenee after death. Ehrenberg has de- 
scribed about one thousand liviU;, species. 

Snow is sometimes found m New Shetland and on the 

Alps, of a, icd coloi, 

to an admixture of 

an infinite numbei of 

microscopic plants of 

low organisation — 

many of them of the 

tribeofAJgse. They 

arc of globular form, 

thousandth to oi 
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Tlieir liquid portions contain mjriada of animalcules. Fig 
45 eshibite a magnified view of these singular tcings 
Their nature is a^Japted to a very low temperature, so that 
tUey can not hear a temperature ahove the ireezing point 
of water, hut when the snow melts they die. 

84, Molluscous animals, by furnishing extensive a^icu- 
mulations of s7iells, essentially modify the structure of the 
surface of the earth. Shell-beda are found beneath the 
waters, and upon the shores of the ocean, lakes and ponds, 
prodnoiog beds of shell marl. Some shell-beds consist of 
fragments of numerous species mingled indiscriminately, 
broken and drifted by the waves and currents; while others 
are made up of a single species that lived in community, as 
the oyster, which in some places covers the bottom of the 
ocean, excluding all other genera, several miles in esfent. 
Some species live only in the mud, while others seek sand 
for their habitations. Certain species live only attached to 
the shores, others in shallow water, and others still in water 
varying in depth from one hundred to one thousand feet. 
The number of families is much the greatest in shallow 
water, decreasing as we descend, and ceasing entirely in 
very deep water. Temperature, nature of the bottom, 
amount of light and food, determine the residence of each 
species. After the death of the animals, their shells, pro- 
tected from decay, constitute in some instances a large pai't 
of the mineral bed forming by deposits from the water in 
which they lived, 

85. The remains ai fishes, reptiles, qtiadrv.pe<h, birds, 
iiuects, and of mf^i also, are entombed in deposits now 
forming, but in much smaller quantities, than those of 
corals, infusoria and shell-&h. Extraordinary a 
as the engulfment of cities by earthquakes, the d 
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lis of fillies l)j suTiniarme \ol amo itjcncj, 
the oTLm lielming of Lei-ds of cattle by sudden iminlitiins, 
an 1 the dronniDg of ilouda of locusts, produce accumula 
tions of tlieir lomains liij.Iily indi&atiie of the state of the 
wjild it thi. tiiiip m which tliey lived, just as the fossils of 
the K(.l.a, formed nrnij ng^a smec, ar^ chwacteiistio of 
I1j(, periods of their tjimition But the hodies of most 
land aminals, e^en the hjrduit prrtiDiis if them — their 
skeletons — undeigo deoompositioa upon dry land, md leave 
no tnoe ot th n foims 

86 The numbei of different linds — cpeeies — of liviiig 
].lanta and animila is very greit Eighty thousand spLCies 
of plinta have teen deacnhid by botanists, and the entire 
number unloubttdly exceeds one bundled thmsind Pro- 
fessor Aj,asaiK estimates the numba of living spei'ies of 
animals at tno hundred ani fittj thousand, mamiaalia — 
thise which suckle then joung, two thouaani, birds, sis 
thousand, leptilcs, two thousand, fishes, ten thousand, 
mullusks — sheli-fishes fifteen thousand, insects aiid crusta- 
cirus animals, one hundied thouiiand, anl tho stai fishes, 
eiral polyps, &c , ten thousand While individuals of each 
ff the species ore constantly dying, the species is pej 
jetuated thiough i ntums Some species, howov i, have 
bcionie O'^tinct, within the observation of man We huMi 
no j.ioof of tho introduction of a species since the ciettion 
of th human race 

87 The distnhutton of plants and animals upon the 
Rurf loe ot the earth is very unequal, being influenced by the 
amiuut rf heit, light, and moisture Each geographioal or 
climatol region has its own species, which, in the cise of 
]!tnts emititute its Floia and of animah its Fauna 
Tliere ai'e three great climatal regions, — tho arctic, temperate 
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and tcopicLiL The ¥egetation of tlic .arctic region is confined ■ 
to moases, lichena, and a few trees of stunted growth. The 
Flora of the temperate region embraces tho nutritious grains 
and fruits, with lofty ti'ees of dense fibre, durable and strong 
— the pine oak and eedar The tropical region greatly 
cscels tho otheis m the variety an 1 luxuriance of ita jio 
ductjons Tho plants of difFeii,nt continents m the same 
latitade are qi ite unlike those of Afiic\ for sample, bear 
inj, little lescmblance to thDse of South Amenca r New 
Holland on the same parallels of latitude each h itid^ been 
created m its own '■tation 

SS The Fr Jia» ilso are capable of d stri! ution into 
thiee pimoip'il division') in accordance with climate yiz 
the arctic the temperitc and tho tropiL^al faunas Tho 
pliats and ai imal-< found at high el vations on mountains 
within the torn I a ne resemble those jf colder htitu lea 

The pimcipal chaiacteiiatio of the atctc fiiini la it? 
unifoimity embracing few species Twit veiy giaat numb^i^ 
ot indivi lu lis m each speciei The same animals are fonnd 
in it on the three continents America, Euiope and Aa'a 
Some large quadrupeds belong to this fiuna i-s the rrn i , 
the white beir leinleer and musk ax Whales and seah 
j,bouni in the polai aeaa togethei with sfai flshe" jolly 
fishes and small crustaceous animals upon which the whale 
principally subsnta but very few polyps and n ne which 
seori,te coral are found m these seas Veiy few insects 
hve in this zone and no reptiles The eoloi of the an m ils 
of the iictc fauna is fiequently white as shovn by the 
white bear the white fox and tht eimiue and whun of 
other hues is not brilliant 

While the numl ei cf mliviluilaof the fc j>e ate fauna 
is no greater than that of the arctic the number cf species 
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is mucli gi'ea.ter and moro varied. Vci'j rumcvous orders 
and genera of animals, with strong contrasts of form and 
color, are here presented. The members of this fauna on 
different continents are similai- : some of the families, gen- 
era, and a few species are identiooJ. Tlie arctic and tem- 
perate fauna are not separated from each other hy any very 
sensible limit, hut gradually pass into each other j a few 
species of animals raage through the entire extent of both 
of them, as the musk-rat, thu ermine and the European 
field-mouse. 

The predominant feature of the tropical fauna, ia its 
great vaiiety of animals with coverings of brilliant hues. 
Its members on different continents are quite unlite each 
other; they are, however, moro nearly allied to each othor 
than t« the members of the other faunas. 

15. Besides faunas separated &om each other by differ- 
enoe of climate, we have them more or less distinctly lim- 
ited by geographical features. The interposition of moun- 
tain chains, deserts and seas separate faunas in the same 
latitude. The animals of the prairies of America, the 
steppes of Asia, and the deserts of Africa, are peculiar to 
those localities. Tlie fauna of Oregon and California is 
said to be more unlite that of New England, than the Eu- 
ropean fauna is. Marine animals are distributed ia tlio 
same way, into local faunas. The codfish does not wander 
far from tie Newfoundland Banks. The fishes of the coast 
of South Carolina are different from those of the West In- 
dies. Faunas that differ much are fi-eijueutly found near 
each other, while similar faunas are ofteufimes widely sep- 
arated. The range of a species is not affected by its powers 
of locomotion. The reindeer is no more apt to transcend 
the limits assigned it, than is tlie oyster. The distribution 
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of animals is not the result of external iiiflueuces, for were 
it so, we should always find in the same circumstances sim- 
ilar animals ; but it is a law of their heing, establiahod by 
their Creator, analogous to the instincts with which He has 
endowed them for self-preseiTation.* 

90. Among the causes modifjing the structure of the 
globe, must he recognized the agency of matt. This agency 
is exerted in controlling to a certain extent the operation 
of other agencies, aqueous, igneous, and organic, and in 
contributing to the rocks now forming peculiar mementoes 
of his existence. Human agency is apparent in the level- 
ing of portions of the earth's surface; in the direction and 
restraint of water courses; in the destruction of certain 
species of plants and animals, and in the substitution 
of other species. By this means some genera of animals 
have become extinct, and others are very greatly reduced 
in numbers. Beasts of prey disappear before advancing 
civilization, and those animals which ore sought for human 
purposes, without domestication, as tlie beaver, the seal and 
the whale, arc subject to incessant invasion. Since the 
discovery of South Georgia, in 1771, one million two hun- 
dred thousand seals have been annually destroyed, for their 
skins; the animal is becoming extinct in that locality. In 
place of the trees of the forest, man substitutes other plants, 
particularly the grasses, thus essentially interfering with 
the natural laws of distribution. 

91. Human skeletons are found in i-ocks recently form- 
eel, as in the limestone of the shore of Guadaloupe, Por- 
tions of these skeletons arc now iu the museums of London, 



* Priuoiples of Zoology, hy AeasE!? and QoulJ, cliiii 
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Pan'! ml (hiileitm TLty wtro found, togetKer with 
stoue hakliets aiiow*, and pieces of pottery, in a rock con- 
sisting of fngnients of co oli &helh vaA sand, cemented 
piettj firmly by the eiibo itc of 1 me hel I in solution in 
the ffitti The shells on 1 o nis bel ng to species that 
now reside in the &en m that v n ty T guro 46 presents 
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wore swiilloweil ap by the great cartliquiilte of Lisbon, (§ G3,) 
and by that of 1780 ia .Tjimaica, which sent a wave of the 
sea over the city of Saranna la Mar, sweeping off oyeiy in- 
habitant. In 1787, a huiTicaae drove the sea upon the 
coast of Coromandol, twenty miles inland, overwhelming 
ten tiouaaiid of the inhabitants with a deluge of mud. 

92. Not only are the bodies of men tliiia preserved, but 
the products of their skili, as coins, earthenware and gkiss. 
Thousands of ships are annually wrecked upon the ocean, 
inland seas and lakes : such portions of their cargoes as are 
not rapidly corroded or decomposed by the water, ai'e soon 
enveloped by the mud or sand of the bottom, and thus be- 
come a part of the rock forming there. In figure 47 we 
have a speoimeii „, .„ 

of conglomerat'^ "f 
sand, glass be 

knives, &c. ceu *■ 

ted together bj ^^ " ^ 

oxide of iron wl *■' JS * 

3 dug p i , ' « j" ' * 

t {, 5 cd of tl ' " * 

Do e u ■'^ :S 

lijsh e Engl , ^ 

Two s Iver « ; • 

n es f Edwar *' ^» * 



•I e suppoa 1 to have bae j rt n of the trea rea of the 
Ej 1 o{ I* n aste lost wh d^ the v m 1 

« Maiitell's 'M¥imdureof Geology." 
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83. Am esamiaation of tlus phenomena of Sature, witli 
teferenoc to tJie causes now modifying the structuro of the 
globe, eshitits aa incessant series of changes, slow and im- 
perceptible, or sudden and conspicuous, by whiot tte fea- 
tures of tlie Earth are essentially altered. The atmospheric 
and osjneous agencies oontiniuilly weai- down the dry land, 
juid if not countei'halanced by other forces, would altimatoly 
reduce it to the level of the ocean ; while the organic and 
igneous agencies are aceunmlating and elevating mineral 
matter above tlie ocean's ieTel, What is now dry land was, 
some thousand years since, the bottom of the ocean, and 
tbe present seas cover portions that were then dry land. 
The geological history of the world is discovered by the 
study of the deposits thus made, and thus elevated. Some 
degree of familiarity, therefore, with the operation of these 
natural causes on a large scale, is indispensable to the geo- 
logical student, to enable him to interpret the meaning of 
those past events, the results of which constitute the phe- 
nomena of geology. 
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THE STRUCTUKE AND POSITION OF EOCKS. 

94. The term roc/c in Geology indicates any aggregation 
of minerals, hard or soft, compact or loose. The desei't of 
Sahara is a saad rock ; so in lilte manner raassea of clay and 
graTcl are roeka. The structure and position of roots de- 
pend upon their origin. The most obvious distinction of 
mineral masses is into stratified and unstratified roots 

Stratified rocks are such as Oct 
tween nearly parallel planes ; 
fraction of an inch to many feet 
is sometimes called a stratum, 1 
of it are tei-med beds or layer 
visions are laminsB, which are ge 
of stratificafioa. The term bed 
which ia wedge-shaped, or lent 1 
s;ilt or coal. Such beds are said 
sti-ata in which they occur. 

As strata originate from deposition in water, the strati- 
fied rocks are termed aqueous and sedimentary. When the 
deposit is made upon a level surface and in quiet water, 
parallel hoi'iaonfj^l kminte are formed ; hut materials depo- 
sited upon a steep shore, prodiice oblique lamination. When 
the depositing waters ave agitated Jiy waves, the lamince are 
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wavel, ml filiitit ivhat ai eiUel > jpie m-iil 
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Sucli ripplbs maybe seen m the sumd and mud uit only 
on the iliorea, but at the bottom ot iivera, lakef anJ thi. 
ocean. LaminsB sometimea occur higMy curved, and twisted. 
They could not have been deposited in these shapes, but have 
assumed them after deposition in ooasequeuce of the une- 
qual pressure tliey have auatained. 

95. The stratified rocks consist oi fragments of crystal- 
line niinei-als, which are made to cohere by pressure, or by 
EOluc cement; hence they arc called mechanical; to dia- 
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tinguish them from those which exhibit a crjstaUijie struc- 
ture, due to chemical ngency. But the subordinate beds of 
iT^ck-salt, gjpsum, &<!., are cliemical precipitates from solu- 
tion, and some stratified rocks bear the characters of both 
Qgeneiea. 
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96 A concretionary sfnicture oftentimes pervaclea 
rocks. The forms of the conerelions aio various— spheri- 
cal, elUpsiaidal, lenticular, &c. Sometimea, by ooiii pressing 
each otlier, they become indented and assume Tarious 
irregular shapes. They are frequently erystalline aud con- 
centric, having a leaf, stick, fish, or other organic suhstanco 
as a nucleus about which ttoy have accumulated. Some 
of them have fissures within, dividing the mass into irregu- 
lar shapes, which sometimea resemble the miakings of the 
turtle's sImII; hence they are called turtle-slmies. The 
name commonly applied to them is seplaria, (fi*om st^tmii, 
a partition.) The crcYioes are often filled with oaloareoua 
spur — crystallized limestone. From these is prepared an 
excellent hydraulic cement. 

Fig. 51. 




The adjoining cut osliibits the aeptaria in the slaty 
banks of the Huron river. Many of them aie worn out 
of the banks and precipitated into the river : some of them 
are scvoi-al feef jo diameter. Some of the clayatouos 
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found in Bngliind fire so regular in figure and 60 amootli as 
to have given rise to the supposition that they were turned 
ia a lathe, and to have heea used for money. In this 
country, they are usually thought to ho the work of water 
or of the Ahorigines.* They are caused by moleeulai- 
attraction, and occur mostly in clay rocks. Similar concre- 
tions of iron ore oeciir in regularly ellipsoidal figures in 
the sandstones associated with the coal, and are called kid- 
ne^irnn ore. Concretions are sometimes arranged in layers 
in a portioj of the rock, while other portions are entirely 
free fruw them. They sometimes consist of alternating 
coats of calcareous spar and iron ore. 

97. A concentric structure is of frequent occurrence in 
the shales and sandstones of New South Wales. Professor 
Dana gives a remarkahle instance of it, illustrated hy the 
accompanying figure. On either side of a verticai fissui'e 




a of ten feet, in which the concentrie coats 
e from half an inch to two inches in thick- 



H,,.i,.d-,y Google 



BTILUCTURE AND POSITION OF ROCKS. 87 

Tl t t re <n d lly 1 th t J d 

pj Gl >> 1 t 1 h bl g 

b 11 d n d f m d wh h lact d 

hwdh gmfgbd asmb Iwd 

pebbles f th 1 th gl t ilw j t th t 

f th n t I pi th y t f t 

d t gthnrf Ik tflaldm d 

Ik ill 11 § f d 1 1 t 

98 W th f to th 1 gred ts m 

t t fi d L lid th tl f 1! w g d 

— th d f ^ th c/ y ff p Ath. I m, g mp Th 
b ttl grp Ibt dg fli 

d ptssth t-t I dgtU 

tM^?;omd; eadfllyl 

is the characteristic ingredient. 

90. Stratificatiott is the most general condition of the 
roeJta constituliDg the crust of the earth, covering nine tenths 
of its surface. Stratified loeks ilniya o\erlie eT.ch other in 
a. constant order of sucte'nioii A stiatum which m ^ny 
one situation underhcs anrther, will neyei, in my other 
situation, he found above it Ceitain strata miybL in some 
places deficient, hut all thobe nhich occni together are in- 
variably in the same relative positions Thui if six stiata 
be designated by the letteis A, b c, d, e, r, m tho order 
in which they sueceed e^ch other, rad b, d he dificient in 
any locality, die order uf the otheis will alway, be A, C, E, 
F. In some instances the stiati hive been disphced i,o as 
to bring them in an cider of sutcession diffeient Siom that 
in which they were deposittd, aa is thown m Fig 53 nhere 
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•143 1 Tt i\ox part of tie curvature Las been 
w n ff s tl at th t ita appear at the auifaep a, «, in an ' 
UQU lid d t p pO'stiOD feuch. an m-,t inci is called 
a Id d ox 

100 Sf U I i 

d p t d h n ^^^=- 

tally a ol d 1 
to gi-aTity mi so 
of them retain the ^^^ 
horiKontal jx = ' 
but most strati 
inclined to tha hn | 
rizon, having 1 
elevated to lar 
angles, by subtem Utiizontja ^trnta 

nean forces, luuee their deposition In Fig ..o, we hayp 
four stiata dtpirtited honEontallj Figure % prtsents the 
same stiifa elevjted bysuhteninean forcts, with th(,upj.ep. 
most onps rent j ^j. 

Subsequently st- 
and s~^ J^ 



iMMi 




aqueoui igencies 
v,-parofftli uppii 
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i AND POSITION' 
Pig. 611. 




portion of tl e 
Lorizon as n r ^ 
The dip of a ock 
tlie angk wl h tlii 
plane ct tic st ui 
malesnitl tie j lane of the I or zou nl sreeko elfiom 
Fis, 58 to 90 "n lien tie dp IS 

tl e st ata of ou &o ver- 
:al I the M of "W gU is a 

esof st taele enh nd edfeet 

I. n th s pos t oa The sam- 
a r J, 58— atr tfl Wales, 

vluch Powis Castle s b It, is 
^ ' ^ ^ en hy Blr Hurcluson i liia 

"Siluiun bjs ein Ve t cj. tiita occur on a ucl loi'ger 
B<.jle in t!ie cliff of ^a oy St ata of calca eo a shale n the 
Alpsitand vortioal for more than one thousand ftot in depth 
and then cuive lonnd to then appiopnate position 

101 The dip of the strata is determined ^ecnlataly hj 
lULans of an instrument called a ohnometei , hat it may 
ordinarily hi., estimated with aufB.Licnt acciiiacy by the eye, 
A** a geneial fact, the deepest strata, aie most highly in- 
clmed The diiection in which the edge uf an uptunied 
etiatum nppeaisatthe sui-faoa h (.allcd Uicsfn/eoi hear- 
mij If a iidge iun=i Noith and '"'outb tliu dp cf the 
lodsi TistniM^ct ml fheii fnlc > iimg North 
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tmJ Poutli A pocket compass will enable the ob'scner to 
determine tiie stuke The line of dip is always at i]£,lit 
angles to tb^ of 'tiike Hoiizontil stinta Iiaie neitliei 
(, place a book upn the tible witb 
is downwaid, as m Figiiie 00, and 
remove one co'vei a. shoit Aiv- 
tiEce fioin the Ici^es (his coiei 
nnj lepiefltnt adippin^&tnUim, 
the dip heoommg less and le=s as 
the co\ er k rajf ed, until it he 
comes hoiizontal — paiollel with 
the tible — when the dip ceisea 
(, eseniplifies the still e The 
1 line ilong tlit &nmmit of i 
mi which thi, stmta dip m op 
po'ite diiections It bnth coders of thi. hool he thiown 
pTitiillv opouj tlip intielmil isis will hi_ iepie=pnt d by a 
hno >lou„ tJic bid ft the biol TIil ■>}/nduur! Imi o. 




The biok of the book, a 
unttchnal line o 
iidyi 01 mountain itn^i 
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a\is IS tlie line ma\alli,y toward which thi, atnta lip 
To lepreaent ttis, turn the book oyoi, placing the bitL. 
iij/on tiia table, open it pirtially md the line botwpin llu 
pjf,'!.^ will present the synclinal Ime 

102 The dip is usually eisilv discerned, but as tht 
el^ef of highly itKhned stiafa may give ii»c to hoiizontil 
linLS oa the tace of a vertical (.bff, as seen hj an ohscnei 
m the line of then &tnke, their dip would not bo appaient 
A break in the cbff, giving a foction of the strata at light 
anglea to their strike, would it onoe discover their dip. 
Thus the etrita in the headland, Figure 61, would appear 
perfectly honaoatal to an obseivci m the boat directly in 
front, while a person on the shoie f icing a section at right 
anglea (e the stiike of the sti ita, w u!d at once perceive 
(hat they dip 40° The nbrupt ttrmmation of strata in a 
Fig CI 




Apparent iumaontaJ tj of Inclined Itaifn. 

heidhnd IB called aa esr aipnient 1\ hen the strati dip m 
ill directions from a point, as around a cratii of a volcano, 
the hne of strike is tiiculai oi elliptical, ind the dij is 
SI 1 to I e qua qua tc a/ 11'hi.a the strata eome out it 
_ ■iuf eeth \ aiLS id iuoii op 
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lOiS. All assemblage of roci:s formed under the same 
eireumstanees, consequently possessing some characteristics 
in common, is called a foi-Tiiation. It often embraces dif- 
ferent substj,iices , thi- Lias formation includes the Lias 
limestonea, sliale*! and mirls, as does the Goal formafjon 
the rocks assooiited with the coal The time during which 
Buch a group was formed is called a geological jperiod. 
When successive strata, or groups of strata are parallel to 
each other, Ihey an. said to be conformable; when not 
parallel, they ore uncon/mmalle In Figure 62, the strata 
abed are cnnfornnMe, as are also efff h; but the two 
group*) nr foimatinns are unoonfoimable. This indicates 
Fis «2. 





thit ih qioup f f git had been formed ind elevated before 
the th 1 jjioup TV s ieposited upon ttem As the stiitifi 
cation of difl i nt foimations is usually uuc ufotraible it 
1^ infoiied th t there have been several diflci nt peiiods 
lann^, wh ch the canons formition'9 weie dt-p sited and 
ilevated The elei ation of the sti ita h is n t al i lys 1 een 
ptifeutly equable hence fissures ocoui on oitJai-i % de of 
which ptitioii f tho " n " s 1 turn aie found at lifForcIit 



H,,.l,.d-,y Google 



tei 


med a gorje 


when It IS 


still 


wiler 


It IS 


culled 




104 Th 


i'i M f 


t t 


■ dt 


n" 


Hj 




ppl d 


to li dg 


If 


hy 




m 


Hi 


d h I. 


liy 


h 


dg gi 


h 


li b 
Pl g 


f h, 

m cal p 


1 


d 










H 


m 


I 


dh f li 


p ed d 




d sc 




d li 


h 


h lyp 


1 d 


1 


f 


Sl^ 


gld 


f 


m h 1 t 


p rp di ] 


I 


t ~h 


h 


k ss 


1) 


d Th 


to 1 h 1 




f h 







I mifil'i B'i -it t in Figure r2 Tht e inteu irtioi s oJ tlit 
strata are pitti&ulaiiy troublesome to miners ■« rting be \* 
if coal or oie and lience tl ey hive been called t oulles 
f lulls 01 si js The fissuies aie ugually Med with sand 
oatth and angular fiagmenta ot locks When the fissmt 
5 to the surfiice and has considerable width it i" 



d by 



dff pl IBUd Ihk f 

Birp ta ml Th fid km, 11 

tam fpl d l,d k 11 d 

105 The misti atijied locks exhibit no arrangement in 
parillel iayeis aie of crystalline festure, and, Laying nn- 
deigoue the action ot heat, aie called igneoim roeks. They 
occur in thiee diftpieiit positions beneath all the stratified 
rocks, gianite being the deLpeot known rook; above the 
stratified rocks, coostitutiu^ the summits of the loftiest 
mountains, and tkiust into the strata, as veins and dikes, 
ihe unstiatified locks aie found principally in mountains, 
and aie not widely diffused at the suifice, of which they 
constitute not mcie than one tenth, but beneath the thiu 
Liii'.t ff stiata aie supposed tj foim the gieat mass of the 
j,lob Tl ei (.use P5ti,iL \p dnn„t in the cliaracters 
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and portion of tin &tiati with uliicli Urj conn, m contact 
The unstratifiod lOcLa 110 cntiicly devoid of the ruiiams 
of animal and TCgetahlo bodies 

106. Veins art Tisually missos of igneous lOcks injected 
from below into fissures m both stratified and unstntificd 
vooks, suh-dividing is tlitj ad\iiioc, ind hocoming mere 



#1 




threado, tHey diaappeai They arc frequently Lliomically 
umtel to the sides of the fiwiUies, hut scmotimea do not 
idheie to theffl Then contents aio "iiu Mints influenced 
by the chaiaeteH of the locks thiou^h which they piss 
Zhlci aie large veins of tinpioelf, porphyrj 01 lau, ex- 
fpndm^ m somL la'^taneo'f ■^ ^cntJ miles, with 1 thickness 
of ''a\Ltil jiids Dilei in in.uH nti 11 Ju wl ik tint 



H,,.l,.d-,y Google 



are very toi'tuous. Ab dikes are very compact and liard, 
the strata through which they pass are often worn away, 
and they are left standing out like walls. Dikes and veins 
freq^uently intersect; ia which case that which cuts thrcugli 
tlie other must he the last enipt«dj and hence several sue-, 
oessive periods o£ eruption are proved in the granite, trap 
and other igneous rocks. Some veins are found entiieij in- 



!___" ^I^^ 




eluded in the rook, and yre not traceahic to any mass of 
similar composition but appear to have sepai-atet! from flie 
rock in which they lie. These are called veins of segrega- 
tion. Veios and dikes cross the strata, at various angles, and 
nra somctinieH intruded lietweon the strata, and spread out so 
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ns to resemble truo beds; but they have uo lamiuation. 
The ccateiits of veins are exceedingly varied ; indeed it is 
presumed that tuey contain ajl elementary substances Itnowu 
to chemists. They are divided into two classes — the mdal- 
I'/crous and nonr-nietailifiraus The eonlents of dikes are 
much mor 1 nutcd m kml and un to n el a actei 

107. A onoret ona y str eture on a large cile s oc 
casionally &een m jgueous roots hut a n o e nteie^t ng 



struoturL exh b Ml by tl 
columns va y j, n ^ 
ral feet; 1 nj, li f o 




that wh h p Juces egul r 
m ncl m 1 am te to seve 
tl ee 1 u ! 1 i et ^nd 
n I uml of de'^ 
f thiee to tweJ e 
Ihey a so ace rately 
dj listed to each other 
tl t no &p e ntei'vencs 
between them, and fre- 
quently consist of joints 
ivjth alternate convex 
and concave surfaces : 
.-^N^^jS** tliey are usually straight, 
but sometimes highly 



108. Mr, ]jjell distinguishes the igneous rocits iniu 
two classes — the volcanic, and the plulonic. The voleauie 
are those which have been ptoduced at er nraar the surface 
of the earth, as are the lavas of volcanoes of the present 
period ; but similar rocks have been poured out upon the 
land or the bed of the ocean, and have been injected into 
fissures near the sni-face, at many different epochs. The 
plutonic rocks appear to have been formed under enormous 
pressure at groat depths iu the earth. They differ from 
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tLe voloanio in being more liighly crystalline, and free 
from the pores, or cellular cavities which characterize the 
volcanic. The granites and porphyries belong to this 

109. There is another class of rocks, which partake of 
the characters of both aqueous and igneous I'oeks. Those 
lie upon the plutonio rooks, are Lighly crystalline in struc- 
tui'e, are destitute of organic remains, and yet are divided 
into beds precisely like the sedimentary formations in form 
and arrangement. These strata appear to have been de- 
posited in water in tJie usual way, aad then to have been 
subjeirted to such a degree of subterranean heat as to 
assume a new texture. In some instances a portion of a 
stratum has exchanged its eai'thy for a crystalline texture 
through a distance of a quarter of a mile from its contact 
with granite, and has had all traces of its organic remains 
obliterated, while the remainder of the stratum retains all 
the characteristics of its sedimentary origin. Thus dai-k 
colored limestones filled with shells aad corals have been 
converted into white statuary marble, and clays into slates, 
or schists. These altered rocks arc called melaniorpMc. 

110. All rocks, whether sti'atified or not, are divided 
into masses of detei-minate figures, by natm^al fissui'es tra- 
versing them in straight lines, and forming planes of vari- 
able width. These fissures are called Joints. Their faces 
are usually smootijer and more regular than the planes of 
strati fioation, to which they are vertical, thus dividing the 
rock into cubical or prismatic blocks. Some joints are 
more open, regular and continuous than others, passing 
through several alternations of strata, dividing them from 
top to bottom, sometimes completely arresting the cross 
joint'i. Those ai'e called master-joints. The constancy of 
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d )crttji tf theae fisauict, is su^h is to inlicite a ^pnaal 

and long-contmutd agency peryndmg the wlulc strata In 

Great BiitiiH, two thii Is of them tim EOith noith west to 

south south east, and the remaining third at right anjjles fo 

that direction, indLpendently ot the dip oi stiike of the 

strata Then ougin is attributed to contracdon duiinjj the 

consolidation of the sfiata, to expansion and coiitiaetion 

by altetnitiona of 

ffimpeiatojc, and 

to eleotiiuty In 

some Eindstones 

vai beds uf »on 

stone, there aie / 

mmieroua and ir / j 

regular fraotuies jl 

or seams dmding |/' 

the surface into 1?// 

small pol^gonil ' 

aieas with a con 

«.ntiic stiuctuie, 

as exhibited in Tiguie bb 

111 Some slate roi,ka oie tipibk oi indi^CmlP '.ubdni 
sion in a direction not coinciding with the planes of stratifi- 
cation, nor with joints. This is termed cleavage. The direc- 
tion of the cleavage planes appears to he, generally, parallel 
to the anticlinal line of the region in which the rocks occur, 
and is altogether independent of the dip of the strata. The 
strata on the two sides of a mountain chain may dip in 
opposite directions, while the cleavage planes are vertical 
between them, and parallel to the anticlinal axis, as is the 
case in the Alps. The phenomena of cleavage in rocks are 
ascribed tocrystallinjition, or a re-atTangement of the par- 
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t.iclea of the strata, by wliioli similaa- materials ai-o coUooted 
in pk«es. 

CLASSIFICATION OF ROCKS. 

112. WJiile little difference of opinion exists among 
geologists with reference to the general arrangement of the 
i-ocks, several systems of classification have been proposed 
by them. These systems differ in the grouping of particu- 
lar strata and formations. Their diversity is a source of 
distraction to tlie student of geology, on account of fie 
multiplicity and discordance of the terms, which they intro- 
duce. All geologists agree in the division of rocks into — 
stratified and unstratified — fMsiliferous and non-fossiiifer- 
ous — and in the invariable order of succession of the strat- 
ified fossiliferous ; but it is not practicable at present to 
determine, in geological formations, the rektive places of 
classes, orders, genera and species, with that accuracy 
whioii characterises some other branches of natural science, 

113. The fundamentid idea involved in systems of 
clflssifieation is the relative age of rooks, and formations. 
This, in the ease of stratified rocks, is determined by the 
pmHon of the strata; by the characters of the animoi and 

3 bodies they contain; and by their tnineral eon- 



114. The oidei of superp sifion of strata is manifestly 
indicative of their relative age smee the lowest stratum, 
npon which the otheis he must hive been first dcpositLd, 
and the otbeis m oidei npwnd But i^ifSculty attends 
the investigation of this oidi,r of succession, on ai-tount of 
the absence of some of the strata at any one place of obser- 
vation. Tliere is no place on the globe, where, if a section 
were made fbrough the rocks, all the strata would be fonn 
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bee h ta round the earth, lite 

the f Tl ! f the globe that con- 

stit tolhdyl dwhl dp t was forming in the 

seas w Id j f h deposit, and as irregu- 

lar f 1 1 f 1 1 J water haYe always ex- 

isted pai f h f m h succeBsively consti- 
tnti,d lid Th difflculty in observation 

isb dlhn g<5 1 pping of the Yai'ious 

f f m be represented by the 

Ipl b I d, e, f, in theii- order, 

L f m h 1 c be missing, obaor- 

pl EL y g 1 formations a, h, c, d,f, 
thu I pi fj h firs 1 ii j6 and further investi- 
gat 11 h p p ^ f> *li"s enabling us 

to d m h d f cess n f the six formations. 
115 S !i f m n h /ssils, remains of ani- 

mal d J, bl bod lie 1 to tself, we are enabled 
by f h m f« d tc m wh ber sti-ata which ai-e 

rem frmeab h ggpb Uy, as in America and 
Eu p w d p te 1 h sam different periods. A 
difficulty may aeom to arise here, from what has been stated 
(§87) respecting the difierent animals and plants which 
live at present in different localities, but the differences 
between the faunas and floras of different geological periods 
are much gi'eater than tbose which exist between the ani- 
mals and plants of any one period. The difficulty, in the 
case of the older fonnationa, is also much diminiabed by 
the great unifoi^mity which characterised the fannaa and 
floi-as of those periods ; they were less numerous and more 
widely extended than at the preaent period. The relative 
ages of the more recent formations may be determined to a 
certain degree, by observing the number of animals and 
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plints cont-iineJ in tiiem which aio identionl with species 
living at the present time This numbei continually dimin 
ishes as we lecedp fi m the pieseat 5,eological peiiod, until 
no tiace of tho species that h\e at the piesent Jay is found 
IVhen two gi-ological formations contain many fossih m 
common, we infer that they were formed at about the same 
penod 

116 Some mtneiah have lieen deposited, it eeitain 
peiiods more abuadaiitly thin it others, slil! difieiLUt 
mincr-ih have been iepo^ited at the same penod, thi,ir dis- 
tiibution depending upcn looil circumstances, as at the 
bottom of the piesent ocejn, m some plac 
foimiug, at otheis <:la\ beds, and at others i 
Identity of mmeial constitution, theiefoia, does not prove 
stiata eonfempoianeous, nor does the failuie of that idenity 
necesaarily indicate a diffcient period of origin When the 
fragments of rocks of one formation are included^ in those 
of another, we have evidence that the rooks to which these 
fragments belonged were foimed, consolidated and fractured 
before the others were deposited. The conglomerates, or 
padding-stones, are filled with worn, rounded fragments of 
ather rocks; indeed all the sedimentary rocks consist of 
fragments, fine or coai'so, of rocks older than themselves. 

117, As the unstratified" or ignsoun i-ocks occur in no 
regular order of succession, their aye is not always easily 
determined. Their relations, however, to the stratified rooks 
furnish some intimations of their relative ages. "When an 
igneous rock has passed through a stratum, causing disloca^ 
tiou or changes of structui-e, it is manifestly more recent 
fhan the sti-atum. A volcanic rook, as lava, may flow over 
strata producing its oharncteristio effects upon them, and 
subsequently other strata may be deposited upon it, aooom- 
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iHodating themsolvea to ita iorm, but esperieHcing no heat- 
ing effects from it; we can, in eucli case, identify the pe- 
riod of ita eraption, aa the one which elapsed between the 
deposition of the two beds. 

118 In \ D 1680, Leibnite divided all rocks into 
tuo clisses — stritified ind un^tiitrfied — m accoidance with 
tLeii oijgin Subsequently Lebmann, a Geim™ mineralo- 
gist, classified the stiitified rocks, is 1 PnmiUve — those 
which contain no animil oi legetable bodies, 2 Second- 
ai-i/ — those which contMned phnt"! and ammils; and 3. 
T eo.}~\\iw -sihiLh cc.uiud in limited bohtics "VVemer 



/> 
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made four cliisses ; the primidve, iraniilion, fimtx (flat- 
Ijing,) and alluvial. He proved that tte stratified rocks over- 
lie each other in a constant order of succession. He applied 
the term tnuisition to the lower rocks which coatnin organic 
remain'^, iadioating that the world was, during their depo- 
sition, passing film an uninhahited to an inhabited stfttc; 
his/cBt- rooks coincided generally with the secondary/ of 
other writeiSj and in the alluvial he included the most re- 
cent deposits In the eai'Iy part of this century, Cuvier and 
Bio^ijrt piopoied a new class called tertiary, taidi stall more 
recently a fourth class called the quatei-Jiary, has been 
formed to embrace the diluvial or drift and alluvial deposits. 

119. A section of the globe coinciding with the fortieth 
pai'allel of north latitude, shown in Fig. 67, exhibits the 
positions of the great mountain chains, with 'the stratified 
rooks sloping from and extended between them. The pri- 
mary, transition, and secondary classes of i-ocks only are 
indicated, and the proportions of the globe and it« " crust" 
are necessarily sacrificed; for those proportions refer to § 8. 

120. A classificafjoa exfensively used at the present 
day embraces all the stratified rocks in five classes. 

I. In'an ascending ordei', the first class is thG i^rimari/, 
whose strata rest upon the unstratified, igneous rocks, are 
more or less crystalline in structure, and destitute of organio 
remains. This class includes the meiamorjjhic rocks, de- 
scribed in § 108. Mr. Ljell designates these rocks, hi/jio- 
gine, nether-formed, because they have talten their present 
form at great depths. 

n. The second class, the tramition or imIibozok, are 
characterized by the remains of the earliest planla and ani- 
mals. This class embraces the great eoal formation. 

III. The third class, tlic sixondary, ■ 
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the new red sandstone above the coal, and extends ta the 
top of the ciiaLk, 

IV. Tke rooks of the fourth class, the tertiary, are not 
generally so compact, nor so highly inclined, aa the mem- 
bers of the fii'st three classes. They contMU the i-c mains 
of many plants and animals, identical with living speciss. 

V. The fifth class, the quaternary, includes the super- 
ficial deposits, the transported sand, gravel, clay, &c. of the 
di'ift, and alluvial, together with the local deposits of peat, 
marl, bog-ores, and soil formed by the disintegi'adon of 
rooka in place, including the remains of animals identical 
with the present species, and some recently extinct. 

121. The following tabular arrangement exhibits the 
five claffses, together with thoir groups or systems of forma- 

fJOttS. 



QlTATEllNA 

Tebtiakv 


ur, 


Allutium. 
Diluvium. 

Pleioeeue. 
MeioeBue. 
Eocene. 
Cliall!. 
Green Sand 


SucoMDAa 




Wealden. 

Lias. 

Trioasio ajBtaai. 


Teaks iTio 


"■ 


Permian " 
Carbonifei'ous sy 
Old Bed Saiidsto 


Pal^ioeoi 




Silurian system. 










Cltiy BlatE " 


PmSIAHY, 


■ 


Mica elate " 






Gneiss 


Unstbatd 


iBI> ll0< 


Ks— Granite. 



122. The unstratified i-ocks do not admit of a system- 
ic claasificatJou in accordance ivith a strict order of suc- 
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ceasioB, but may be conveniently arranged in groups, de- 
pending upon the nature and mode of aggregation of their 
constituent minerals. Each of these groups is also associ- 
ated with particular systems of the stratified rocks. 

I. The granite group, comprising ^nite, syenite, ser- 
pentine, porphyry ; of dense crystalline structure, and asso- 
ciated with the primary class, and the Cambrian and Silu- 
rian members of the ti'cuisition class, of strata. 

II. The ft-op group embraces basalt, green-stone, tra- 
chyte, amygdaloid ; of a compact and less crystalline Btiuo- 
ture, and occurs in the upper transition or palosoBoic, and 
secoadaiy. strata. 

ni. The volcanic group, less compact, vesicular, and 
a8sociat<id with the tertiaiy, aud quaternary deposits. 
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PALEONTOLOGY. 

123. Most of tie strsitified rocks eon tain the remains of 
animal and vegetable bodies, whict have lieen imbedded in 
them by natural causes. That branch of geology which 
clasaifies and describes these relics, is caMsd palxontoloff^ ; 
(^palaios, ancient; ontos, being; logos, a disoourse.) The 
bodies are called fossils, or organic remains. The disco- 
very that particular fossils characterize certain deposits has 
gi'catly contributed to the rapid advancement of the soienee 
of geology. " Hence organic remains acquire a high degi-ce 
of importance, not only from tlie intrinsic interest which 
they possess as obji,cts ot nitunl history, hut al-JO foi tlie 
Ijght they shed on the physical condition ot our planet in 
the most remote ^■■s , and foi the invalnible data they 
affoid as chronometeia ot the successive revolutions which 
the suiface of tlit i,aith has imdeigone They have bei-u 
eloquently ludappiopiiitely teimed t\ie mednL of ei ■'alion ; 
fn as an accomplished nnmismitist, even when the inicrip- 
lion of an ani,ient and unknown com is illegible, can fioni 
the hilf obliteiatcd characteis, and fiom the style of ait, 
iletarmme with precision the people by whom in I the pe- 
riod when it WIS struck, in like manutr the goi legist exn 
decjphei these natnnl iiiemonals inferpiet the hieioj,ly- 
1 h ca with which thi='j ireiniPiil ed imi fiom ij p ntntly the 
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most insignificant relics, trace the history of beings of whom 
no other records are extant, and restore anew those foiins 
of organiaation which lived and died, and whose races were 
swept from the face of the earth, ere man, and the creatures 
which are Ms ooutemporaiics, became its denizens."* 

124. Fossils differ greatly in the ^ujTees of preservation 
they exhibit. In a few raie jnstinees inimals have been 
preserved entire, with thin flesh lud stin. in 17Ti, the 
carcass of a rhinoceros wis taken from the froaen sand of 
Sibei'ia, with more hair on the skin than the rhinoceros of 
the present day has. At the e mmtnipmcni of the present 
century, the entire care i=s ot i mammoth was obtained 
Fig C8 




from an ne-eliff in Siberia, twelve feet high, siitetn feet 
long, and with tusks nmi. feet in extent The flesh was so 
well pieserved thit the wolvis beais, and hunters dogs 
fed upon it. The skin was coveitd with a mixtuie ot bhck 
bristles, fifteen inches long, and wool of a brown color. 

*MantBlJ'B Medals of Creation. 
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More than thirty pounds of the hair was collected. Tlie 
braia and the capsule of the eye wero in a good state of 
preservation. The skeleton, Fig. 68, together witli a large 
quantity of the hair, is in the Museum of Natural History 
at St. Petershargh. These animals are assigned to the 
pleistocene period, when they appear to have been numei- 
OTis in that looality. Dr. Manf^U states that thousands of 
fossil ivoi'y tusks are annually collected there, forming a lu- 
crative article of commerce, and that the remwns of a greater 
number of elephants have been discovered in Siberia, than 
are supposed to exist at the present time all over the world.* 
Insects occur perfectly preserved, sealed «p iu amber, a fos- 
sil resin. Parts of the stomach and skin of large reptiles 
have in a few instances been found in oldei' rocks, preserved 
by the antiseptic property of certain salts in the rocks. 
The "eatable earths" which the inhabitants of some coun- 
tries have eaten mixed with saw-dust, consist of fossil infu- 
soria. Usually, the harder parts of animals, the bones, shells, 
and erustaceous shields only, have been preserved. 

125. In some eases no part of the animal or plant is 
preserved, but the space which the body occupied having 
been emptied by its decay is filled with niineral matter in- 
filtered, and thus presents a perfect cast ; or if mineral mat- 
ter has not. been infiltercd we have only the mould. In a 
few instances impressions of only a part of the body, as 
foot-prints, are found. The tracks of birds occur in the 
New Red Sandstone above the coal, Fig. 69, though their 
skeletons have not been found below the chilk Similai 
traces of other animals are met with in the simc sandstone 

126. Petrifactton consists in tlie substitution of miner il 

* Woiiflera of Geolosj, sec. If J IT 
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for organic matter. In some instances the animal or veget- 
able substance is almost entirely removed, while the organic 
structure is retained, so that thin sections examined with 
tho njiei'osoope, show the forms of all the fibres and vessels 

Fig. 60. 




in their proper places. Limestone fossUs placed in acids, 
bave had all the peti'ifying material dissolved, and yet es- 
hibitcd the animal tissues in a perfect form. Ihe process of 
petrifaction has been imitated artificially ; bones, leaves, &a. 
10 
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tave been buried in mud and sand, and after tlic kpse 
of a few years haTe beea foimd petrified, Tbe process is 
influenced by tlie presence of Biilts, as the sulphate of iron, 
in the mud, and is accelerated by heat and pressure. All 
fossils, however, are not petrified ; nov does the ago of the 
rock containing the fossil necessarily determine the amount 
of petrifaction : bones liave been obtained from bbo Wealden, 
that were light and porous, while some from the most recent 
tertiary rooka were completely petrified. 

127. Plants ai'8 sometimes petrified, but have more fl.'e- 
quently sustained chemical changes, by which their own 
elements have been ti-anaposed and their vegetable structure 
destroyed ; subjected to moisture and pressure, secluded 
from the air they ferment, evolve heat, and are converted 
into hitvmicn. This change is partially illustrated by a 
mass of half-dried hay, which ferments, becomes of a hlaok 
color, and sometimes generates sufficient heat to take fire 
Bitumen is a black combustible substance, and liquid as 
petroleum, napthaj viscid as asphaltuin, mineral pitch ; or 
solid as jet, cannel and bituminous coals. In like manner 
animal muscle, buried in wet earth, from which the air is 
excluded, is converted into a fatty wax called adipoc.<frG, 
(adeps, fat, and cera, was,) retiuning no trace of the original 
muscular fibre. In some of the fishes of the Old Bed Sand- 
stone, their muscles, blood, &c., have been converted into a 
dark-colored bitumen, which in some places pervades the 
rock to euch a degree as to ciiuse it to bo raistiil.'on for coal. 
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It reaemblos black was, or when fluid, the coal tar of 
the gas works. This animal bitumen is eminently antieep- 
tic, preserving in all tlieir elnsticity the hones, fins, and 
sealea enveloped in it, better than t!ie oib and gums applied 
to the old Egyptian mummies.* 

128. The petrifaction, of animal and vegetable bodies is 
frequently accomplished by means of the m.efak. The me- 
tallic salts, the sulphate of iron for example, di^olved' in 
the waters of the earth, are decomposed; their oxygen 
uniting with some of the elements of the organic bodies, the 
metals ore precipitated as aulplmrets. Hence fishes are fre- 
quently found inoi-usted with ii'ou-pjrites (sulphuret of 
iron) while their internal parts are converted into stone or 
bitumen ; not unfrequently, however, their whole substance 
is changed into metal, all the traces of organic structure 
obliterated, and their form only preserved. 

129. The most common petrifiers, are carbonate of lime, 
oxide carbonate or sulphate of iron, and silica. A fossil 
petrified iu limestone, however, will not necessarily be cai- 
careous. Many of the fossils of the chalk aa'e flints, aud 
those of clay-sUtes, calcru^oua. The cavities, as the interior 
of sheila and hollow-bones, are often filled with, ciyatals of 
limestone, or of silica, which, dissolved in water, was iiifii- 
tered iuto these closed cavities through the pores of th« 
shell or bone. 

130. The m,eans requisite for determining the c!iaracter3 
of fossils, are furnished by such a degree of knowledge of 
hotany, zoology, and comparative anatomy, as is adequate 
to the determination of living species. The same modes of 
investigation apply to both fossil and living speeiea ; they 

*■ Miller's Foot-pviiits of tlie Creator. 
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a e th tt tK 1 c n [1 n e t ot e ct other Sj tema of 
Vottnj OD 1 z olojj a e ot e mplete witlio t these est not 
*o Bs Ib coBseqaence i the relat bs wh cb exist betweea 
tl e parts of an oal frames tl e oh o t 3 enibled to de 
le 111 ne f om t s e^I hone the fo n and pos t on of the 
oth. r bon a an 1 tl o cnt e condit on f the an mal Th s 
the harp ret ac le c ved oHwb of the lion re^ ue th t 
the bo es nn ed ately boye them on the foc^ and w th 
1 cl thej t oulite be of snch shape as w 11 allow f ec 
I) n the bo es p ling tl e requiro alao to be 
adapted to the design intended to be subserved by the elaws. 
With these elaws are associated the pointed sharp teeth 
adapted to tearing and eatting fiesh. In animals feeding 
exclusively on fiesh we always find the intestines about one 
fifth as long as in herbivorous animals. Hence a single 
tooth, or claw, suggests to the oompaiative anatomist tho 
general form and habits of the animal. A single tooth of 
the Iguanodon enabled Cuvier to decide that the animal to 
whioh it belonged was an herbivorous reptile. The scales 
ef fishes aie so highly characteristic that Professor Agassiz 
has made their peculiarities the Imsis of bia classification of 
these animals. A single scale found in the intestines of an 
Iihthjosaurus enabled him to identify the estinct species 
to wiiii-h it belonged la this way peoubjiities of stiuc- 
tuie levi-d to the pilseontoljgist the oharactcia and modes 
of existence of cieatuies that ceased to exist ages before 
the creation ot man, and to the geologist the condition of 
the woiid at that period 

131 The lelics of animal and vegetable oiganization 
oGcui in almost e^eiy «tiatihed rook, but m muth greatei 
numJicn, and in a btttcr st^te of piescr^ation in some stiata 
than in othorg. Nor arc tliey ccivnilly abundant througliout 
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the some bed, some portions oousisting almost oxclusivoly 
of tliom, while iu others they are sparingly diifuscd or en- 
tirely absent. Some limestones many fcet in thickness ore 
made up of shells or corals in countless numbers, cemented 
together bj the carboaate of lime. But the greatest numbers 
of individuals aceumulated in a limited space are presented 
by the most minute animals. Soldani obtained from a frag- 
ment of rock in Tuscany, which weighed one ounce and a 
half, ten thousand four hundred and fifty^four marine shells, 
resembling the Nstutilus. One thousand of them weighed 
one gi'ain. Some of the Wealden strata in England one 
thousand feet thick, and deposits in Auvergne seven hun- 
dred feet thick, covering an area eighty miles long and 
twenty wide, are filled with microscopic crustaceous animals. 
In Germany a bed fourteen feet thick, is made up of fossil 
animalcules so minute that, according to Ehrenbcrg, forty- 
one thousand millions of them occupy but a cubic inch. The 
total number of organic relics in the rocks is inconceivably 
great since more than two-thii'ds of the earth's surface is 
covered by fossiliferous deposits, many of which are several 
thousand feet thick. They are found at an elevation of at 
least seventeen thousand feet above the level of the sea, in 
strata of the HimaSayas and Andes; and are obtained in 
excavations more than two thoiisand feet below the same 

132, The medium through which fossils have been de- 
posited has usually been the ocean; and by far the largest 
number are those which lived in the sea, and hence ai'e de- 
signated mai-ine. Some, however, lived in brackish water, 
and the strata in which they are found are termed estuary 
dsposiis, as was the case in the coal measures, and the 
Wealdcn strata. A part of tie Tertiary series contains 
10* 
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fresh -wafer animals iind pliiits rimpiiituclv i v f r- 
r^sirjtii relics occur : but tbe Weolden, Tirtiiij inii Diln 
l«Yial deposits contaia some lemains of land plinth inJ 
animals. 

133. Fossils usually oecui m tho situations in which 
they were at tho time of then death, and hence often ha\e 
their moat deHeate parts preserved Some of the shells of 
the Wealden retain theii' epidermis, ind ligaments of their 
valves, showing that they have not been subjected to friction. 
But there are immenae reefs of broken shells and corals, 
some of which are worn to fine dust, indicating tlie violence 
to which they have been subjected. 

134. In order to a full appreciation of tjio import of 
fossils, we must be enabled to compare them with each other 
at different geological periods, and with the existing races. 
This can be effected only by means of the distinctions aild 
principles of classification used in Natural History. 

A species is a group of individuals that are alike in every 
character not affected by accidental circumstances. Species 
are continued from generation to generation without the 
slightest change of character. Those variable changes which 
are produced by accidental causes, constitute varieties. Spe- 
cies are not convertible into each other. We know of no 
power adequate to the production of a species, short of thn 
direct act of the Creator, Species have been obliterated in 
thousands of instances in the former ages of the world, and 
in a few known eases since the ei-eation of man. (§ 86.) 

A i/enus is an assemblage of species having certain char- 
acters in common. Genera usually embrace a considerable 
number of species, but a single species differing widely from 
all others may constitute a genus. 

An order is an assembbgo of fteiiera, (iK a c?(rsn is of 
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orders, wliile the wtoie ore included in a kingdom. The 
terms yaniiVy and tribe are used to designate groups inter- 
mediate between genera and orders. 

135. We have seen (§ 87) that the plants and animals 
of the present period are distributed in floras and faunas, 
limited by climate and other circumstances. The examina- 
tion of fossils in their beds shows that similar laws of dis- 
trihution prevailed also at former periods. Classes and 
ordera were, as they now are, very widely diffused, and 
genei-a often covered estensive ai'eas, but species were re- 
stricted within comparatively narrow limits. In the periods 
of deposition of the earliest fossiliferous I'Ocks, the temper- 
ature of the globe appears to have been higher than at 
present, and the faunas and floras less numerous, bat cover- 
ing a wider range. A formation existing ia different parts 
of the world, very rarely contains the same species throagh- 
out its extent. The fossils of the chalk in England arc in 
very few instances speoiflcally identical with the American 
cbalk fossils : tbe genera are the same, and the species aaalB- 
gous but not identical. 

136, Examination of the successive foi-mafions of the 
fossiliferous rocks, shows that species of plante and animals 
have been introduced at different periods, continued for a 
time, then obliterated and their places supplied by others. 
I'he periods of daration of families, genera and species, ai-e 
very variable. Species rarely extend throagh more than 
a single formation, but genera are often found in several 
saccessive formations, and in a few instances have suivived 
all the mutations eshibited by the fossiliferous strata, 
having representatives ia the existing races. Genera, how- 
ever, and even orders are sometimes limited to a single for- 
aiation ; in otlier instiincos they reappear after having ceased 
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through soreral formationa. Those genera and species wliieh 
BurviTcthtoTigh aeyeral formations, are such as ha^e a wide 
geographical distrihation, and socm to be entlowed witii a har- 
dihood which enables them to endure changes of climate 
and other cHcom stances. Those species which Jive in deep 
water, with a more cquahle temperature are also more per- 
manent. Shellfish and crustaceous animals are more endu- 
ring than vertebrate animals : no speeies of fish has yet 
been found in two successive formations. 

137. Geologists presume plants and animals to have 
been introduced at tie period of the deposition of tlie lowest 
strata in which their remains arc found, though it is admit- 
ted they may have lired at an earlier period, and all trace of 
the esistenee of those first created, may hare ceased in con- 
secjuence of their frailty or the action of heat upon the 
lowest strata. Negative evidence on this subject is by no 
means conclusive. The failure to find the remains of a par- 
ticular animal in a formation, does not satisfactorily prove 
that the animal was not living daring that period : contin- 
ued search may jet discover it ; or its mode of life may have 
been such as to render the preservation of its remains after 
death, very improbable. But if from the remains found in a 
formation, we caa infer the adaptation of circumata,nces to a 
certain class of animals, we do not expect to find in that 
fonnation animals whose organization require other circum- 
stances. Thus in the coal fonnation whose plants clearly 
indicate the prevalence of a climate more elevated than that 
of the tropics at the present time, we do not expect to find 
indications of the existence of plants adapted to a temper 
ato or arctic climate. 

158. The close of geological periods appears to have 
been the lime at which most of the cliangei in species oo- 
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stone show, that in size no birds of the present day can 
compare with them. Although speciea remain constant in 
their characters, and changes are effected only by creative 
energy introducing new foims stiU piogress is discernible 
in the beings which have successively peopled the surface 
of the eai-th — progress in then approach to the present races. 
In the Tcrtebrate animils the ordei of suu,es&ion has been, 
fish^, reptiles, bird'! mamnuferous quadiupcds, and finally 
man. The relation between immals ind the periods at 
■which they live, appears to be a pait ot the plan of the 
Creator, as truly as is their distiibution 

139. By a compai ison of the fossils of different forma- 
lioufi, we learn that those which are most unlike are most 
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):cmote i'roiii eii(.h ntlici m tirat The orgiiiiio remains of 
the Siluriaik and Carboniferous periods are more like to eacli 
otter tlian they are to tho&e of the chalk or tertiary; and 
the deeper we descend m the strata, the more nnliko to the 
existing races nie the fossils we obtain. In the earliest 
foasjliferoua rocke the simplest forms of organiaatioa pre- 
dominated, but representatives of all the classes are found 
with fhem. The relative number of species and genera of 
these classes has continually Yii'ied in the successive for- 
mations. 

PO&felL bOTANY. 

140. All vegetables, fossil or recent, may be arranged 
under two grand divisions, cellular and vasctdar. 

I Oeliidar plants present the simplest forms of vegeta- 
tion, consisting of an assemblage of cells of the same kind, 
without legular vessels, and having no visible organs of 
fructification Such are the sea-weeds (confervfe, algre,) 
mosses and lichens 

II In tjs lat plants the cells are elongated into tubes 
or vessels cdlled vascular (ieme, and form organs of nutri- 
tion and Iructification Four classes are formed in this 
division in accoidxnce with the structure of the organs of 
fructification 

1st Ory^togarMK having neither perfect flowers nor 
^ laible see 1 vessels to this belong the fern, equisetum or 
marestail and calamites. Great numbers of these occur 

2nd Gyn notpfn lotis Phanerogmnias, having flowei-s ; 
but then pnnoipil characteristic is the nakedness of their 
'ieed'! To this ol s 1 elong the Cycadece, or pine apple tribe, 

and file CbnifcrEC,orflrR. 
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8d. Monocoli/hdonous PhanarogamiiB, floiveriug plunls 
whose seeds liave only one cotyledon, or seed-lobe, as tbe lily, 
the palm, and the cane. These are also called Endogenous, 
because they receive their growth wholly witiin, by tlie for- 
mation of new bundles of vessels at the center, crowding out 
aiid condensing tiiose whicli lie toward the edge. They have 
no pith, concentric circles of woody fibre, nor true bark. 

4th. Dicot^ledoiurm Pliaitei-ogaimm, flowering plants 
whose seeds have two cotyledons or seed-lobes, as the bean. 
These ai'e e-xogenou&j receiving annual deposition of woody 
fibre, upon the previous growth, and have ti'ue bark and pith. 
A cross section of the oak exhibits the. pith at the center, 
concentric circles of woody fibre, eonaeeted by fine straight 
lines-— the inediillary rays — which radiate from the central 
pith. To this class belong otir forest trees, and shrubs. 

141. As fi'agmenta of trunks and branches are often the 
only spetimiiiis i;[e have of a fossil species, we are obliged 
to resort to the ahidy of their anatomical stiitclure. These 
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Eire ijiute (^l'^tlnph^G md lie fiequpntlj veij jii,ifi,i.tlv jne 
servefl A fiij.ment of tossil wtod cut \erj thin, will, with 
the aid of a micio&cope, show the fnim and positinn of the 
vesacla so cleaily ai to enable the obseivei to determme 
the natuie of the plant 

The Jeaies, eithet entne, or impie^sions of them aie 
\iir, commoa, and cnible us to distinguish between endoge- 
nous and exDgenou? itmctntes If the Teina of the leal be 
all parallel, or connected only by little traasverae bars, the 
plant was endogenous; but if they are unequal in thickness 
01- arranged in net-like meshes, they belonged to an esoge- 
nous plant. The Jiowers of some liliaceous plants have 
been found with their corollas, and calyxes preserved, but the 
antliers and pistils eonld not be recognized. The preceding 
figure, 71, presentiS a portion of a coal plant, discovered at 
Tallmadge, Ohio, by Charles Whittlesey, Esq., which very 
closely resembles the corollas of some plants. The /rmts 
Fig. 72. 
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of Mony plants occui' fossil in great profusion, as tones, nuts 
And seeds. 

Some irunhs of trees liave been found of great length j 
as tbe Norfolk Island pine, forty feet long, in the carhon- 
ifeious limestone of the Graigleith quarry near Edinburgh, 
ind the "petriScd forest" near Cairo in the Egyptian 
desert, where the silicified trunks of trees from forty to sixty 
foot in length nnd three feet in diameter, cover the ground. 
The resinous secretions of pines and other coniferous plants, 
ore sometimes found fossil, as amber, which has been found 
in its natural position in trunks of trees. Some specimens 
of amber are black, showing the process of bituminization 
they hare undergone. This also is supposed to be the ori- 
gin of the diamond. 

142. The cellular plants, as flie algre, occur roost abund- 
antly in the most ancient fossiiiferons strata ; in some of 
the Silurian roeks, entire layers are formed of a large species 
of sea-weed. Of vascular plants, the crjptogamous — ^fern, 
equisetura, and calamite — are found predominating in the 
carboniferous rocks, but existed earlier than that period. 
As we ascend in the series of rocks from the secondary 
class to the alluyial, the fossil ferns diminish in number, 
as they do when we travel from the equator toward the 
poles at the present day, when of the one thousand five 
hundred species, one thousand two hundred are within the 
tropics. 

The gymnospermous plants — Cycadefe and Coniferons— 
were most abundant in the lias, oolite, and terliary periods. 
The endogenous class including the palms llomished during 
tlie tertiary period, though they are found to some extent 
in earlier periods. In the Illinois coal field a group of 
fossil palm trees has been discovered with their roots in the 
11 
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clay, and then tiunks m tlie coal ind siiiditone above 
'I:\^G geohgti-al position of the ewgenous ilimts is in the 
teitiaiy and reeenf deposits The lignite or biown eoai is 
almost entirely eompoacd of diCLtjledrnous uees, thepophi, 
willow elm, chestuut, and maple 

143 We have reason to piesame Init tbe Iii toiy of 
fjssil lejjetation is not ompleto "^ince piobahly inan> 
fimilies weie too frail to be pieserved, and many of the 
dieotjledonous class weie not in aituafiona favoiable to then 
fossiiiaatiDD The glasses, so abundant at tht piesont lime 
seem to ha,ve betn almost entnely absent fiom the ^i-cond 
Try peiiod, when plants allied to theiu weic flomialinig 
The tsuberant giowth of vegetation diiiing the ooal peiio 1 
has led M Biognnrt to conjeotme (hit cirbomt add wis 
moie abundant in the Jtmoapheie at that time th tn it of Iili 
periods The number of fossil species of phnts at pitsent 
recognised and described, is about eight hundred. 

144. Tlie various /owras which the carbonaceous matter 
aooumulated by plants presents — anthracite coal, bituminous 
coal, jet, lignite or brown coal, and peat — depend upon the 
ori^nal sti-uctoi-e and composition of the plants ; upon the 
nature of the mineral deposita in which they were imbed- 
ded ; and upon their more or less complete seclusion from 
the air. The conversion of wood and peat into lignite and 
coal, is still occurring. In tiie state of Maine, true bitumin- 
ous coal has been found at the depth of four feet from the 
the surface, in a peat-bog of twenty feet thickness. Sections 
of the eoal show that it is the remains of coniferous trees, 
immersed in the peat. The timbers of the Royal George, 
an English ship of war sunk off Portsmouth, and raised 
after sisty years immersion in the silt of the ocean, rescm- 
blud in testui'e and color, the wood of snbmei'god forests. 
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FOSSIL ZOOLOGY. 
The number of animals fossil, as well as recent, is so 
great and tLeir stnictare so diversified, that an outline of tha 
cIossificHtion of the animal kingdom is indispensable to a 
due appreciation of tbe Divine plan manifested in their erea- 
t d I t I t 

145 A d g to r CI f th 1 
1 gd m t f f g t d n — ti ,H rf 
MU At vi I I A r ta> tel 

146 I Th Sad ^ d n 11 1 b a th 
111 g t t h tl fc f d 

t 1 ! ly d ft m t Th y 

tl h J t m y 1 t tly 

marked. Some arc fixed is the ooiils (§ /4), others move 
about as the stnr-flshes, ni d sei niching The division of 
Eadiata embraces three elisses 

1st. Sea-ui'ohius, who?e suiface is studded with spines 
— Eckinodermata. 

2nd. Jelly-fishes, including the Poitueue':'' nan of war 
nud sun-fishes — Acahsph-e 

3d. Polyps, attached to the e i 1 Le jH f n r; f 
them secrete coral — Polypi 

If sponges belong to the ammil Lingdom fhiy shculd 
be classed with the animils of thi^ division Thecru'sts of 
the EoUinodermata nro well alapicd to preservation and are 
found in many of the foimiti n« in 1 the aecietions of the 
polyps — corals — abound in the locXs The jell} hshea, 
having no hard parts, h ^e very mrely b<,en piescrved 
Agassiz estimates the numbei jf livmg species of Eadiata 
at ten thousand. About one thousand fi\e hundred eximot 
species have been recognised they abound m the pal<e 
O7:<iie-^oldest fossilifcroi ^ o 1 'i 
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117. U. TLe animals of the Molluscous iliyision, Lave 
their nervous systems dispersed tlirongh tlieir bodits in 
irregular masses ; their niuscles are attached to the skin, 
which in most of them is covered with a shell, and they 
have distinct systems of circulation and respiration. This 
division embraces three classes. 

1st. Those whose arras — tenfaclea — are arranged about 
their mouths, as the cuttlu-fish — Cephalopoda. 

2nd, Those which creep upon a flat disc or foot, as tlio 
311 ails — Gasteropoda . 

3d. Those which have no distinct heads, and are en- 
closed in bivalve shells, as the oyster aad ohm—Acephala. 

As these animals lived in situations favorable to the 
preservation of their shells, we find gi'eat numbers of them 
fossil, and tliey are more frequently used to determine the 
identity, or relations of sti-ata than auy other class of fossils. 
Shells are either miivaive, bivalve, or muUivalve, according 
to the number of pieces which make up the shell. Some 
univalve shells are divided by tight partitions, and are 
called chambei-ed shells. The bi-anch of science which 
classifies and describes shells, is termed Conehology. 

The Cephalopoda abound in the older strata ; and the 
other two classes in the more receut rocks. The total num^ 
ber of living molluscous species is estimated at fifteen thou- 
sand. About sis thousand extinct species are described. 

148. III. In the animals of the Articulated division, 
the nervous system is arranged in the form of two parallel 
cords, which at intervals swell into knots, or ganglions. 
The bodies of these animals consist of joints — articdli — each 
one of which is furnished with a ganglion. This division 
embraces three classes, 

1st. Insects, including spiders. 
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2nd. Worms, including leeches 

3d, Crnataeeoua animals as the lobster and ti'ilohite. 

Inaecta are hj £11 the most numeroas class of animals, 
but as they are very peii^hable, and are devoured by many 
animals, few relics of themirefounJ in the rocks: still they 
have been found as low in the series as the coal. Spiders are 
first seen in the oolite, aad scorpions in the coal. "Worms, 
with the exceptioa of a few which secrete a ealeareons cov- 
ering, have left no trace of themselves in the strata. The 
entire number of speeios of fie articulate is estimated at 
two Lundred thousand. The number of extinct species now 
known is about eight hundred 

149. IV. The highest division of the Animal King- 
dom is the vcrtehratt-iJ , who=G memb&n aio chaiacteiiaed 
by a skull containing the biiin, ind a spme — verttbrie — 
containing tie pimiipal trunk ot ner^ts They have a 
skeleton, five senses, ind red blood Man belongs to this 
division. It embiaces four classes 

1. Animals whuh suckle then young — Mjmmaln 

2. Birds. 

3. Reptiles, including liaards, snakes, turtles, and frogs. 

4. T'iskos. 

The fossil remains of animals of this division are very 
important, intimating most distinctly the circnmstancea in 
which they lived. The members of this division first intro- 
duced were the fishes, whose remains have been found in 
the lower Silurian and Cambrian rooks. Professor Agassia 
distinguishes them, according to their coverings, into four 
orders, 1. Those with enamelled scales, like the gar-pike 
— (?aiiOJ£^a— -(flg, 73.) 2. Those with the skin like sha- 
green, as the sharks and skates — Placoids — (fig. 74.) 
3. Those which have the edge of the scales toothed, and 
11* 
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usually bony-raya m the fins as tlie |jeicli — Cl i ;/ — 
(fig. 75.) 4. Those nhose aealea tre entue and whose 
fin-riiya are soft, like the salmon — r'ycfcirfs— (fig 7b ) The 
Pkcoids were fliat inti duced , "ind the Gtnoids succeeded , 
■while Gtenoids and Cycloids were later, commencing at tlie 
close of the secondary period, and constituting three-fomtha 
of the existing species. 

The numbei of lining apeoies of fiahea ia eight thousand 
and of extinct speciea now Luown nine tuniiel 

Reptihs first ippeai in the New Bed feindstcii and 
become piedcmimnt in the lite Their icmjins are 
among the most lemaikable in the stiata Toitoisea aie 
found la ill i imations above the ccil Thp number of 
species of Eeptiies is estimated at two thous nd Of the 
extinct species one hundied nnd twenty aie known The 
tracks of fiurfi aie founl in the lool s abundmtly is low 
as the New Ked Sandstone, and their sk letons m the 
Wealden Teitniy ■jnd Dilunan There aie supposed to 
be sis thou'ind Imng species of birds and thutj file es 
tjnct species have been recognised 

The remains of Mammal a first appeai n the O3I I 
in which some species of M 11 sup ale (-mimils ftimahed 
with a pouch foi thi, pioteotioa of then yjung a the Opos- 
sum) have been found but the lemains of animals of this 
class are founl piincijiHy m the Teiti ry stiita Then, 
lire prol i Ij t v thnu'nn i 1 1 no j f ]Min n ilia an 
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two hundred and seventy-five extinct species a 

150. The fecal remains of fishes, reptiles, and some 
other animals, are called Ooproliies. They in some in- 
stances clearly indicate the nature of the food of the animal 
to which they belonged. *'ig- ^T. 
The Coprobtea of the Sau 
runs contain the sciles 
tf tbhes The spiral eon ' 
volutions of the intestines 
thai let enstic of tlie ear 
liH t fibhes are distmcfly Coptoiiw. 
imprewed n then fecal remains. Coprolites are found 
sometimes detached and sometimes in the intestines of the 
t ?sil anmiilt 

151. The geological formations have sometimes heen 
giouped and classified, in accordance with the predominant 
types of animals and vegetables which lived at the time of 
their depositions. The periods have accordingly been desig- 
Eated, as— protozoic (protos, first; and eoe, life ;) the period 
ia which are found the first forms of animated existence; 
mmosoic (mesas, middle ; and zoe, life ;) the period of inter- 
mediate forms of life; and rmnozoic (hainos, new; and zoe, 
life ;) the period of most recent living foi-ms. 

152. The division which Professor Agassiz has proposed, 
based upon certain classes of animals characteristic of the 
eras during which they flourished, is more definite.* He 
distinguishes four Aga of Nature, corresponding to great 
geological formations, 

I. The Primary or Palmozota Age, embracing the 
Cambrian, Silurian, and Old Red Sandstone systems : the 

• Triuoiplos of Zoologj", Chap. XIV. Section 2. 
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period during which no aii'-bveatliing animals lived; buS 
Zoopliytes, Shellfish, and Trilobitea filled tho seas. As 
fishes were the only representatives of the Tei;tehrBt«s, the 
age is called the Reign of Fishes. 

II. The Secondary ■^9h comprising the Carboaiferoua, 
Trias, Oolite, (including the Lias,) and the Cretaceons for- 
mations. Insects, Reptiles, Birds, and Mammals, make 
thoii' appearance during this period, hut as reptiles prepon- 
derate, it is called the Reign o/ReptUes. 

III. The TerAa'qj Agt, embracing the tertiary for- 
mations, in which the animals bear close resemblance fo 
those of the present day, belonging generally to the same 
families, and very frequently fe the same genera. Aquatic 
animals do not preponderate, as in the former ages, hut 
large terresti'ial mammalia abound ; hence this age is desig- 
nated the Reign of Mamwah. 

IV. T}ie Modern Age, comprising all deposits since 
the Tertiary ; characterized by the introduction of the most 
perfect animals, with man at their head. Some of these 
became extinct before the creation of man — as the mastO' 
don. This age is denominated the Reign of Man,. 
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THE UNSTRATIFIED ROCKS. 

163. Tele igneous I'ocks differ in ctemical composition, 
in modes of aggrpgnfiona and in po^'iato They often pass 
into each other by insensible giaditions Two'chaiacteiis- 
tic iniaerals, feldspar and hornblende, mtei mtn tho com- 
position of all of them. "R hen they have cooled under 
slight pressure they are porous m textuie is modern lavas; 
but when tbey have consolidited beneatt great pressure, 
tbey are dense and crystallint, as granitc- 

GKANITIC ROCKS. 

154, The granite roc&3 are highly crystalline, destitute 
of fill traces of stra.tifioation, and occur as the basis upon 
which all the systems of strata repose; they are aJso thrust 
up to the surface in mountain masses, or injected ioto the 
strata in tortuous veins. They are associated, for the most 
part, with the oldest sti-ata ; they constitute the axes of 
principal mountain chains of the globe. 

155. The chai'acteristic ingredient-s of graniie are quartz, 
feldspar, and mica, mingled in variable proportions. The 
prevalent color will depend upon the predominating ingre- 
dients; white and flesh-colored are common hues. Tho rock 
is either coarse-grauied, when the distinct crystalline frag- 
ments of which it is composed are 'arge ; or fine-grained, 
when they are very small. 
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The quartz and feldspar are Bometimea s 



Arabic letters. 
This structure ia 




J t al const tuents i e 

It \e es ta B ne f om 

e ly extens ely quu 



fo present figures resembling Hebrew 
The rock is then called graphic granite, 
frequently exhibited by gi'anite 
veins, which occur in older gran- 
ite. When granite contains large 
distinct crystals of feldspar, it ii 
denominated poipliyritic. Gran 
its appears, in some instances, a: 
at Arran in Scotland, to have \ 
been prut uded tl o ^ the st atj 
after t hid consol d tel 

lo In kye tiie th e 
quai'tz felJspa t d J o nblende 
Syono 1 Egypt nhere t iv 
ried. The jocl e np s I of quirtz feldspir m n an I 
hornbl de a cal ed Sje G ante **jent(, a of 

dark-g ecu blucl olo 

lu7 rh te m 20 p!j ff (po jin i — pirplo was ap 
plied b\ tl e a c enta to t i 1 cona st ng of eryst Is of 
F g 79 edd sh feld i ai ib Med n a 

base of wh 1 fel Ispa was also 
n abund nt g ed eat The 
ock was bird auscept ble of 
pol h aitl waausel fo al h 
toe al pu poses aire phag 
%o TI e ter po phyry a now 

ed to le gnate aro k of un 
f en pact bt e through 

I h dissem nated d st net 
Pc^phyi-y. ci-ystals of any mineral. Crys- 

ala of fiUspir occur in basalt and ti-aehyte, constituting 
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basaltic porphyry, ;ind trachytic porphyry. Instead of feld- 
spai' the imbedded crystals are sometimes of hornblende, or 
olivine. 

158. Melah'f&rous veins, are most numerous in the pri- 
mary and ti'ansition rocks ; t'ney I'arely occur worth work- 
ing above the coal. The ore does not usually occupy the 
whole vein, but is mixed with qtiartz, granite, porphyry, 
sulphate of baryta, &c., whii^h constitutes the veinrstone, 
gartgae, or matrix. Metallic veins differ greatly in thick- 
ness and extent; the contents of the same vein also vary in 
its different parts. Metallic veins are most productive wheo 
they pass through the junction of the unstratifiod and strati- 
fied rocks : their productiveness is also influenced by their 
direction ; the east and west courses of the tin and copper 
veins of Cornwall ai'c productive, while the cross courses— 
north and south veins — are not worth working. 

TRAPPEAN ROCKS. 

159. Certain crystalline rocks, composed of feldspar, 
and augit* or hornblende, are called trap rodcs, from the 
Swedish word trappa, a stair, because they frequently oc- 
cur in tabular masses rising one above another, as terraces 
or steps. They i] pear to have been ejected as lava tbrougli 
fissures, and have produced the characteristic effects of heat 
upon the adjacent lock^ The trap rocks diifer in constitu- 
tion from the grin tic in contT aing much less siiiea, more 
magnesia, lime, tlumma an 1 oside of iron ; and in being 
more fusible. The trap ro ks occur in dikes, in dome- 
ehaped masses eo\eiing ctbcr rooks, and in regular pillars; 
Ihey are usually compact but wmetiraes ai'e ftdi of pores. 
There are sevenl varieties of trap rocks. 

16f). Green tnnc cons { of in intimate mixture of feld- 
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epar acd hornblende of a dark greeu color, and is either 
compact or crystalline. When the rock is composed of 
olbite and hornblende in gvaina it ia called diorite. The 
structure of greenstone is sometimes massive, but more fre- 
ciuently tabular. 

161. The eonstitnenta of Basalt are aiigite and feldspar 
Wlien the former ingredient prevails, as is usually the case, 
the rock ia of a dark green, or black color, which is due to 
the iron in the augite. Another metal, titanium, is usually 
an ingredient, and the mineral, olivine, is often found in 
grains or nodular masses ia basalt. When coarse crystals 
of feldspar are disseminated in the rock, it is called ^W)y7iy- 
riiic basalt. The structure of this rooli is usually columnar. 

162. Trap rock, containing almond^haped cavities, is 
called amygdaloid, (from amygdalum, an almond.) These 
cavities ai'e sometimes elongated by the flowing of the 
melted matter into cylmders several inches long. The 
cavities of the amygdaloid are filled with zeolites, quartz, 
oaloareous spar, &c. A soft and earthy variety of trap, re- 
sembling indurated clay, is called wacke or loadstone. 

163. Trachyte is composed of feldspar, with a small 
proportion of hornblende, titaniferous iron and mica. It 
derives its name from its roughness, or harshness to the 
touch — trachits in the (rreek language signifying rough. 
It appears frequently in pulverulent masses of pumice, called 
tyfa or tuff in rocks of all ages, invm-iably indicating the 
vicinity of erupted igneous rocks. Trachyte usually con- 
tains distinct crystals of feldspar, and consequently ia por- 
phyritic; it is also sometimes designated fracJiyiti: ^orphi/ry. 
A gray variety of basalt, consisting principally of feldspar, 
produces a clear ringing sound when struck with a hammer, 
and is called clinkstone,. 
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16i. Serpentine, agreenish roek containing alargcpro- 
portioa of magnesia, sometimes traverses the strata in dikes 
and veins, but oecura more frequently as & metamorphic 

165. Trap rooks very frequently present tkemaelves in 
dikes, injected into fissures in the stratified and unsti'atified 
I'ocks. Fig. 64, ^10% presents a poiverful trap dike, pene- 
trating the sti-ata, ia New South Wales. When such dikes 
pass through soft strata, as shale, tkey are sometimes left 
prominent, by the more rapid wearing away of the soft rocks. 
In some instances, however, they are decomposed more 
rapidly than the contammg lock, m :,on^ qutuce of the 
oxidation of the iron in then composition , in such cases 
they leave open fissuios 

166, The most conspnuous effects pioduced by trap 
rocks are the changes which then intense heit his effettt,d 
on adjacent rooks. A trap-dikt. m Anglesoa, passing \ei 
tically thi-ough shale, has iliercd the stiuctnie of the stiiti 
to the diatance of thiity five f^et hum itself, concerting the 
shalo 'nto a po II n ji-.ppi md ohlitciaf jd^ tin, f -^^i] 
shel s of the st ■\ 
ta In the no th 
of I elan! bisiJ 
ted kesi tra 
s g the chalk 
ha e converted 

t into giauulnr 
n arble to the 

1 stance of ten 

feet No t aces 

of he orga c re 

1 nd 
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thu3 cj-jstalliEed. Fig. 80 represents a trap dite dis- 
placing and altering the structure of strata. Secondary 
sandstones have been converted thus into quartz rock. 
Beds of coal, from their combusfibilitj, exhibit the agency 
of these melted rocks in a striking manner. A gveenstone 
dike passing through a coal-bed ia Ireland has reduced it to 
cindei's, thi-ongh a space of nine feet on each aide. In the 
north of England a similar eifecfc has been produced by a 
trap-dike passing through the coal series. At a distance of 
one hundred and fifty feet, the stmcture of the coal is 
changed. At a certain distance it is coked, while in the 
immediate vicinity of the dike it is bnmed to soot. This 
dike exttnd'i aeventj miles and is fifty feet wile 

167 Masses of trap loek aie fiequentlj mpt mth, m 
truded between strata, coTerin^ extensile areia, closelj le 
aembling beds They take this position when the resistinoo 
offered tD their piogie=s latenllj between the ^trita, is Ic^s 
than Ihit ■whith thti encounter fiom iboM In «ome in 
sKn eg, having spietd out m hoiizontil fehtets up n tho 
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bottoiji of the ocean, they have been subsequently cOTcred 
by MHdinientaiy deposits. 

168. The structure of the trap rocks, especially of ha- 
Balt, is very frequently columnar, dividing immense masaea 
into regular prisma, and constituting aome of the most re- 
markable features of tte earth's BOcnery. The " Giant's 
Causeway " is the legendary name applied to the most regu- 
lar series of the magnificent basaltic columns which abound 
iu the north of Ireland. The columns vary in the number 
of angles from three to twelve, but have most commonly 
from five to seven aides. They are divided transversely 
into joints, whose upper and lower surfaces are alternately 
concave and convex, as is shown in figure 65, § 107, These 
joints vary in length and diameter, but from sis to eighteen 
inches are the prevalent dimensions. The surfaces of these 




segments arc so nicely adapted to each other, that neithot 
between joints nor adjacent columns can a kuifc-blade be 
introduced ; and yet each segment is coiiipleteiy dissevered 
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from tlie others, bo tliat it may te lifted out of its placn. 
The Causeway extends under the sea. Tlie neighhoring 
headland seen at the left in Fig. SI, coDSiata of B!t«rnations 
of basaltic colamns, with heds of ochre interposed. As the 
ouhre is worn away hj atmospheric agencies, the columne 
are left unsupported, and many of them have fallen to the 
base of the precipice. 

169. The Western Islands of Scotland consist almost 
exclusively of basaltic or trap rocks, which rise to the 
height of one hundred and fifty feet above the IcTcl of the 
ocean. The islo of Staffa is distinguished for its basaltic 
pillars and oayes. The Scallop Cave, so called because the 
sides are formed of curved columns, extends one hundred 
and thirty feet into the rockj is thirty feet in height and 
tweiitj in I readth at the onfrance But the princjal 
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object of attrat^tion in this island is the Musical Cave, or 
aa it is more comnMinly known by its legendary name, 
Miigal's Gave. This cavern is two hundred and twenty- 
five feet in length, with an average height of sixty-five 
feet; the breadth at the entrance is a little more than forty 
f and a f ss is abmt twenty The sides 

ar CO mnai n h f la partially so The •. ilninns 
h be n b k n w many places by the wi\ea, pn, 

n ng a se nd juttmrr colonnades 




ticai dike they 

are horizontal; {^i 

and generally '~^*- ^=1™^ 

they are at right angles to the cooling surfaces. 

Figure 85 represents curved columns radiating from 
each side of a bank of basaltic conglomerate. The basalt 
in contact with the bank esliibits no trace of columnar 
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struuturo ; but at a little distance regular columns appear, 
at fii'st horizontal; after extending thus a ffiw feet they 
curve gradually upward and at twenty feet distance stand 
nearly vertical. 

rig. 85. 




The eoinmns are from four to six sided, thirty feet long, 
and from one to four feet in diameter. The effects of teat 
upon the conglomerate are well marked. The molted 
Ijasalt appoara to have flowed over a small ridge of conglom- 
erate in a stream fifty feet thick, and tke forms and posi- 
tion of the columns were determined by the varying sur- 

171. The basaltic scenery of New Soutli Wales delinea- 
ted by Professor Dana, rivals that of the Scottish Isles. 
Some of the basaltic ridges rise to the heightof four thousand 
feet above the level of the eeaj and fissures or caves occur 
similar to those of Staffa. Figure 86 presents a view of 
the basaltic pillars at Kiama point. The sea enters through 
the channel seen in the cut, which is twenly feet broad and 

"Prof. Dan.i, aeology of U. S. Esploriiig Expedition. 



H,,.i,.d-,y Google 



ntArPKAN ROCKS. 



139 



eigliteen high; advancing by a suhterrancan passage for a 
distanoo of two hundred feet, it sti-ikes agiunst a wall of 
basaltje columns with deafening roai', and rises through an 
orifice to the height of one hundred feet- This is called a 
blow-hole or spout-kole. 

Fig, 86. 




172 ^Numerous examples of trap rocks iind basaltic 
pillars occur ia the United Stutas — as the "Palisades" of the 
Hudson River, Titan's Piazza, on Mount Holyoka, East and 
West Rocks near New Haven, Coaaectiout, &a. Vertical 
dikes with horizoatal pillais in Maine and North Carolina 
present such regularity of figure and position as to have in- 
duced the belief that they were products of human skill. 
Trap rocks ai-e associated with the nietaliferous strata of Lake 
Superior and California, and successive rows of basaltic 
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columns, constituting mountain masses occur in the vioinity 
of the Columbia River, m Oregon. 

173. The columnar and globular structure so cbaracter- 
ietio of volcanic rooks, especially of basalt, early engaged 
the attention of Geologists and induced Mr. Gregory Watt 
to jnstitut* experiments in the year A. I>. 1804 to ascer- 
tain its origin. He melted ssTen hundred pounds of basal- 
tic rock, in a reverberatory furnace. He was enabled to 
effect its fusion with a less degree of heat than would have 
been required by an equal weight of pig-iron. When 
melted, it appeared fa a dai-k, liquid, tenacious glass ; a 
portion of it taien out and allowed l<) cool rapidly, retained 
its yitreous appearance, resembling obsidian. The remain- 
der was left in the furnace, and occupied eight days in cool- 
ing; it was then cold externally, but stiil retained a consider- 
able degree of internal heat. The interior of the mass, 
which had cooled slowly, exhibited a greatnumber of spheres, 
which as they enlarged pressed laterally against each other, 
until they were cemented into regular prisms, with seg- 
meuts of alternate conves and concave surfaces. The ar- 
ticular stracturc and regular forms of basaltic columns 
seem therefore to have resulted from the crystalline ar- 
rangement of the particles while the rock slowly cooled 
under pressure. 

174. The Feldspatbio varieties of trap rocks, as trachyte, 
constitute the central or axial portions of mountiiins, while 
tlie cxtei-ior portions are composed of basalt ; for lustAuoe, 
the summit of Mount Loa is clinkstone, while all its sides 
are basalt. This has been attributed to the difference in 
fusibility and specific gravity of the constituents, feldspar 
and augite. The temperature at which feldspar solidifies 
is sufScient to keep aiigite q^uite fluid. The augite also by 



H,,.i,.d-,y Google 



VOLOANIO KOCKB. 141 

gradual cooHng crjstallizes and ia converted into hornblende, 
for these two minerals differ only in crystallization, and that 
ia determined liy temperature and rate of cooling. 

VOLCANIC KOCKS. 

176. Tlie term lava is applied to anj rook which Las 
flowed from a volcanic vent, but it is frequently restricted 
to the melted rocks erupted by active volcanoes or those 
recently extinct. The constituents of such lava are tlie 
same as those of the trap rocks, and we have feldspaiktc lava, 
and avffitic lava, according to the predominance of either 
of those ingi-edients; but we do not find tlie compactness 
and crystalline straoture so frequently exhibited, as in the 
older igneous rocks. Sapidity of cooling and difference of 
temperature and pressure, adequately accouat for the diver- 
sity of forms which igneous rocks present, while their con- 
stituente are essentially the same. 

176. Lava burating through the sidea of volcanic cones 
presents itself in dikes similar to trap dikes ; columnar 
structure also is exhibited by them. 

When thoroughly melted lava cools rapidly, it resembles 
glass and ia called volcanic glass, or obsidian ; it is usually 
of a dark smoky color. Its fracture presents bright sur- 
faces and sharp edges; it has been used by the Mexicans 
for mirrors, and knives. Lava of less glassy structure, and 
oi a pitch-like luster is called ^iVe/tstoie. 

The cellular slaggy matter ejected from volcanoes is 
called scon'a; when it is composed of feldspar, it is porous 
and fibrous and ia then called jujuHce. It is so light as to 
float upon water. Scoria and pumice are the frothy scum 
upon the surface of melted lava, and beuome very abundant 
when hot lava comes in contact with water. Minute par- 
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Fig, 87. 




3 of Ijvi light cmders, ■saacl, &c , thiowa out by vol- 
s eiu{tions lie called lokann. asltps These materials 
iited tj^ethei constitute peppiiito and jjosssWujkt. 
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177. The figure on the preceding page presents a' 
Bection of the JKarth's Crustj exhibiting the order of succes- 
sion in tlie stratifiecl rocks, and the lelntive positions of the 
uuBtratified. 



B, signifies the olaasification adopted by Dr. Bucklandj 
and L, that of Mr. Lyell, 

1. Quaternorj or modern de- h. 1. Granite and Quarts Veins 
posits. in Granite. 

2. The deposilB of tlie Terti- b. 3. Granite and Quartz Veins 
aiy. intevaBcting tho porplijrj, 



8. The Chalk formation. 

i. TheWenlden. 

6, The Oolite. 

6. The lias. 

7. The Triassio ajatcm. 

8. The Carboniferous Bysteia 
y. The Old Bed Sandstone. 

JO. The Silurian. 

11. The Cambrian. 

12. Mica Slate. 
1.3. Gneiss. 

U. Granitic Rocks. 

15. Voloaaiic Eocka. 
a. 1. Porphyritio dike oyerl 
ing tho gneiss. 



gneiss, and mioa slate. 

b. 3. Granite Vein passing into 
the tiansitjon rocks. 

c. GreenBtone diite of the (ran- 
sition period. 

c. 1. Trap Dike intersecting a 

dike of porphyry, 
c. 2. Trap Dike of the Oolitio 

period. 

c. 3. Lava Dike of tlie volcanoes 
of tlio TcrtiaiJ period. 

d. Lava of aotiye Toloanoes. 

0. Cave in the magnesian lime- 

f. Metaliferous veins. 



\. 2, Dike of Porpliyry passing g. An estinct Tolcano. 
tlirough the coal. h. An Artesian HclL 
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THE STKATIFIED PRIMARY ROCKS. 

178. In dosci'ilimg the stratified rocks, we may begin 
mitk the most recent, in whicli tlie circumstances of deposi- 
tion were very similar Iti those existing at the present time, 
and proceed to the most ancient stratti whose origin was in 
a condition of nature widely different from the present, as 
regards hoth their mineral structure and fossil contents. 
But the chronological order, appears to he more natural and 
satisfactory; commencing with the oldest strata, which are 
very widely extended, and more uniform in character, fol- 
lowing the succession eshibited in nature, the facta may be 
delineated in the order of their occurrence. A knowledge 
of the phenomena of the older rocks is indispensable to a 
due appreciation of the gharacters of the more recent, since 
the latter are principnUj derived from the former. 

179. The pnmari/ strati/iedrocTes — the oldest sediment- 
ary deposits — ai'e composed of the same minerals that con- 
stitute the plutonic, granitic rocks, upon which they lie, and 
by the aljraaion of which they were produced. As a class 
they ai'e silieious in mineral character, and crystalline iu 
structure ; eshibiting, however, a stratified arrangement. 
Their particles appear to have undergone less attrition, 
and BTihjection to a higher degree of heat than the more re- 
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cent sti-ata. No organic remains have been founcUn them ; 
Tegetables and aiiimnh either did not live upon the earth 
at the time of their deposition, or all traces of them 
have been obliterated by the heat to which the rocks 
havo been subjected. Their thickness is variable, but 
sceediog twenty 
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gneiss begins. Tte lamioie and strata are usually paraOel 
to each other, and to the surface of the igneous rock upon 
which thej lie, but frequently exhibit remarkable contor- 
tions, indicating a previous state of great flexibility. Dr. 
M'Oulloch observes: "Imagination can scarcely conceive 
an intricacy of flexure of which a reaeiablanoe could not be 
founl nhgnsa h^ II fSlnd 

D J I f f Id p f d 

hntemdjj)/ Whn Itak 




net and staurotide sometimes oocni in this rook in as large 
proportions as either of its constituents, it is tben denomina- 
ted garnet^/erous and stauroiidi/erous. Miea-slate passes by 
insensible gradations into clay-slate, and into talcose-slate. 
182. Hornblende-slate is composed principally of horn- 
blende, with a variable quantity of feldspar, quartz, and 
mien. When the hornblende and feldspar occur mixed in 
equal quantities the characters of tUe rook correspond with 
those of greenstone. Hornblende-slate occurs in all parts 
of the primary series, but is most frequently associated with 
miea-slate and clay-alate, into which it passes by impercept- 
ible gradations. 
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183. The essential ingredient of talcose-date is talo, 
which is sometimes pure, but more frequently mixed with 
feldspar, quartz, and mica. Steatite or soap-stone is a va- 
riety of this rock ia which talc greatly predominates, is of 
a grayish green color, greasy feel, and is easily cut. Ohlo- 
rile-daie is another variety, of a compact texture, and green 
color, Taloose-slate is a metaliferous rock, and frequently 
the repository of gold. 

184. Serpentine, as stated in § 164, occurs both as a 
stratified and unstratified rock ; Jn the former case eshibit- 
ing the characters of strata. As a metamorphio rook it is 
associated principally with talcose and hornhlende slates. 

185. Primary limestone, is a crystalline limestone, fre- 
quently pure white, and oltme grained, constituting the 
marble of sculpture; but is sometimes compact, and dark- 
colored. It occurs in thick beds, and in thin leaves. It 
alternates with gneiss, mioa-siate, and clay-slate, and then 
usually contains some crystals of n a qu fz anci feldspar. 
It has been found in syenite ho nhlende and granite, en- 
tirely destitute of any trace of st at ficat o ad even some- 
times in the form of veins. 

186. Quartz roch occurs nfe st at fled w th each one 
of the primary rocks. When pu e it s ^ nular, crystal- 
line, with little or no tendency to divide in parallel beds; 
but when mixed with feldspar, mica, hornblende, talc, or 
clay slate, it exhibits regular stratification. In some in- 
stances it is eminently arenaoeons — a mass of sand, exhi- 
biting mechanical structure, and apparently made to cohere 
by the heat to which it has been subjected. 

187. Clay-state, or argiUacec^'i schist is a rock common 
to the melamorphic and fosaOifei-ous series. It consists of 
a very fine mixture of mica or talc with quartz, a large pro- 
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portion of argillaceous matter, a little iron, and some of tlie 
alkaline earths. Its prevalent colors are bluiali-black, green, 
purple, and mottled, often accompanied by a glossy luster. 
Some varieties of slate are soft, and easily worn away, while 
others are hard and Bplintory. The slate which is imme- 
diately in eontict with tiap oi other igneous rocks, has lost 
its fissile charactei haying b i-ome flinty and changed its 
color. It cften occur'^ inferstiatified with mica-slate and 
qwartz xoiJk aa 1 in pioportion to its nearness to granite or 
other igneous i icks, it is raoie highly glaaed; it passes 
gradually into takise hornblende or mica slates. Passing 
n th other d ect on its luster beeom n^ more d 11 ud ta 
texture leas compact t s c 11 d s7 ^ ind st II f ther up 
n the series t exh h ts its If a he is of laj Eoofi g 
date IS a fine g im 1 var ety of a 1 1 ah black or purple 
color silttng nt th n ven lates D v! j I le &i 
fine ind more eo pict vai ety co ta n n^ son e ca bon 
The Wk tsto or ho e d e s a fitie gia neJ si t fille 1 
w tl m n to g a US of quoitz o g t 

ISS ^l tes exhib t tl e ph num na of eleavag an 1 
10 nta w th g eate dist nctnesa and egula ty tl an any 
other rocks ami t s ow g to th t t e that tl ey i e 



Fig. 90. 




ige iDtorseotinff Ourvtid ^1 



capable of lemg split so evenly and exteasi^olv ri;:ni 
90 presents tho cleivi^e planes pieserving thuit pLiialiLliai 
through contoitc 1 t ti i th ugh alternations of fin( 
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grained and coarse-grained slates, independent of tlie dip 
of the strata, (§111.) 

Joints are distinguished from cleavage planes by the 
absence of all tendency ia the rock to split between joints 
in a direction parallel to the joints, whilo the slate is capa- 
ble of indefinite subdivision in the direction of the cleavage 
planes. In Figure 91, the flat snrfices, A b c, repiesent 
Fig. 91 




BtratlflcailDa, JoliitB uid OlviTBgs- 



.■xpoaed faces of joints, to which the walla of other joints, 
J J, are parallel : s s, are lines of stratification; C C, are 
lines of slaty cleavage intersecting the planes of stratifica- 
tion at a considerable angle,* (§110.) 

189. The clay-slate is sometimes fosailiferouB, especially 
as it occurs higher in the series. AnfltraoUe occurs in pri- 
m-iiy limestone, mica slate and gneiss; and Mr. Lyell sug- 
gests that it is altered coal, since we observe coal in the 
iicinity of trap-dikes converted into anthracite. Graphite, 
jilitmbnffo or bl(vJc lead, which is nearly pnre carbon, is 
found in clay-sLite and gneiss, and is supposed by soma 
geologists to be coal still farther changed by the action of 
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TKANSITION OR PAL^OZUH PI \SS OF EOCKS 

190. The rocks of this claBS are thaia terize \ bj the r 
wide geograpliical diffusion, and gieat tIiiciHe''s amounting 
to many thousand feet. They wi,re orginiUy desjgnitei 
Transition by Werner, hut are more appropriately termed 
palEeozoic, since they contain the most anciout forms ot 
living beings, 

, THE CAMBRIAN SYSTEM. 

191 Tlet nst nf n the erj -Jtallme and non fo 
s 1 ferous rocks to th iieceeding itiatitiel fossil ferous 
h s been investigated m North Wales by Mi Murcbison 
anil Piof Sedgwick henoe the ajstem is designated ( am 
biian f om Carabuaoi Wales The rocks of this system 
ire of enormoQS thiekneaa and eminently argillaceous m 
composition varying from the finest clay slate to coarse 
con^lomoiatea The term gia wa ie (giej w.xcke) used 
by Wermin mmeia to indicate a grey i0L.k 1 as sonetimes 
been appl ed to the piedominant murabei of th s jstem 
and to the system tself in^ppiopi ately s noe gieywacke 
is a gene al te m aj plied t roi,ks tf difterent geological 
peiiods Jhe system is subdivided into thiee gioups 
t k nj, nan p f m the 1 c litie« m which tl ej aie de 
vel ped in 'W al 
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CAJiBKlAN' SYSI 

Piynlimmon Rocks — Slntes, omi oonglomei'ites several tKousond 
feet tOiiek. 

Bjlla Limestone — AdoA limestone, associated witlislntes, and con- 
taining renmins of eorols, slieils, and fishes. 

SnOWdon Rocks — Fine grained, dark colored slates, and conglom- 
erates, nilli remains of marine plants, fucoids, shells and 
zoophytes, aeyerai thousand feet in thiokness. 

The propriety of separating these groups from the fol- 
lowing system — tiie Silurian — is questioned by some geolo- 



THE SILURIAN SYSTEM, 

192. Tiie Siiarian i^stem, — from tlie Sihtres, ancient 
Britons wlio inhabited Wales, where the rocks were first in- 
vestigated and the system established by Mr. Murchison — ■ 
erabraoes numerous rooks, consisting of sand, clay and 
limestone, abounding in organic remaina, and giving clear 
indications of marine sedimentary origin. Some of the 
slates are very fine grained, while others are coarse oon- 
gbmeratea. The limestones are frequently highly orysbal- 

rpPBR SILUBIAN— ABOUT FOXTB THOOSAHD rEET THICK. 

TIlC TilCStone — Hard, finely laminated, greenish sandstones, with 
reddish ahalas ; organic remfuns abnndant. 

The Upper Ludlow EOek — Fine grained jellowish sandstones; beds 
of argillaceous sandstones filled with sea weeds, loophjtea, 
and scales, fins, jaws, teeth, and ooprolites of fishes. 

The Aymsstry lilllBStOHe — A bluish gray limestone, mottled wift 
white, containing numerous lajers of shells and corals 

The tower Ludlow formation —Shnles becoming slightly calcare- 
ous ; sandj flagstones. 
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The Wcniotk limestone— Concretions of argmaoeoi^ limotonea 
separated fi'om each other hy beds of slmle ; extremely foB- 
siliferous. 

The AVenlock Sliale — ^Dark gray argiUaceous beds, witli cnleareoua 

LOWER SIHTBIAiS— JBODT TiinSB THOOSAKD FIVE IIUNDKBD PBBT 

Tlie CaradOC Sandstone — Fiuely lamm«teil, greenish, foasiliferous 

aondskines ; slielly limestones ; remains of corals, mellusca, 

trilobites. 
Tbfi landeilO Pla|S— Hard, dai-k-colored, sandy flagstoaes, with 

beds of limestone ; remuns of trilobitcs, and molAusoa 

abtULdant 

193. AHhougb the subdivisions of the Silui'ian sys- 
tem establiaheii by Mr. Murchison, as esistiag ia Wales, 
are not recognised in the rooirs of that period, in other 
parts of the world, a similar arrangement is discernible in 
them, and his system is the universal standard of reference 
in comparing them. Silurian rocks, with essentially the 
same mineral oharaoters and fossil contents, ore found in 
Russia, Norway, Sweden, Asia, Africa and Awatvalia. In 
North America, they are expanded on a scale of extent 
both lateral and vertioal far superior to that of tiie Welsh 
rooks. One group of beds of shales and limestones, sup- 
posed to be contemporaneous with the Ludlow series of 
Wales, occupies a surface of more than 10,000 squaru 
miles in the valley of the Ohio. The Central and "Western 
districts of the State of New Tork present these rocks on 
a magnificent scale, as detailed in the geological survey of 
that State. Specimens of these rooks have also been ob- 
tained within the Arotio Circle, and in Tcri-a del Puego. 

194. Great interest nttiichcs to the fossils of the oldest 
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^Ijeoioio rocks, both bi-caoao they aie the most ancient 
fowMS of organized bomga of which we hi\e any knowl 
edge, and a.re veiy unlil^e tho piesent iiees Eeprestnta 
tivea.of all the cla'sses of the animal kingdom aie found m 
them. Of the vertebvata, fishes — Plaeoids and G-anoids— 
only have beea discovewd. 

SHlobites are the principal representatives of the Crus- 
tacea, which are found in some localities heaped together 
in Tast multitudes. These animals were of an oval figure, 
protected by a shield, cov- Fig. 93. 

enng the inieuoi parts of 
the body, while the ib 
dommal poituns consisted 
of segments, nhioh 1 
bled then) tD loU them ( 
adves into balls, so m 
present their haid ciustsl 
in all directions in self 
defense, is do the lobster 
and wojdljuse of the pie 
sent (lij Then oigans 
of locomotion, if anv exist 
ed, must h^ive been sm ill 
membranaceous or rudi 
mentary, since no diatinct 
traces of them have yet 
been sjt;sfactonly mide 
out TI1P3 wore destitute 
of antLiti -e The bai,lt irnoiite 

presents two longitudinal furrowi, dividing' it> surfaca 
into tii~e'' bbts, hence the name Tnlobite Thur eyes 
ffhich are m many specimens perfectly piescivcd, giv 
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ijig US some indications of tho cradition ct the tirlj 
saaa in which (hey hved, were compound, consisting of a 
gnat number of angulxr fafettrs or lenses, aimilir to tho 
ejG cf the Jragon fly, in which there ire twenty five thou- 
sand, and of the h^nst fly, m whith there are tourt«en 
thiusind la^ettci the tnlobite had several hundreds In 



tig 93 



Older tj extend the held ot vision, since 
the eje wis immovable, it wis elevited 
above their bodies The form of the 
eye was that ot a frustum of a cone, m 
complete on tho side opposite the corres 
ponding pait of the othor eye, enabling 
the inimal to see in all directions ton 
zoutally This structure of the eye mdi 
cites that light boie the same relations 
to vision then, is it now does, ind that 
tlieso inunals lived in w iter sufficiently 
ti mipirent to transmit light " We find 
m these animals,' sijs Dr Bucklind, 
" an optical instrument of most curious 
onstmotion, adapted to produce \ision 
Eye of tiie TriioHts of 1 particular kind, created m the ful 

ness of perfection, and fitted lor the uses and condition of 

the class of creatures to which this kind of 

eye ever has been and atiU is appropriate 

Tulobitcs varv Jrom one to twenty inches in 

length They were veiy abundant among 

the cirlicit inhabitants of the globe, and <?< 

tmued into the earbomferjus period, af 

which no tnce rt them la diacbined Two 

hundred and thirtj ipecies uuder several 

genera of the fimily Tiil b 
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described; of which the genns CaljmGne, fig. 9i, m found 
in the Weniocli division of the Upper Silurian rocks. 

195. Of the MoUusca, ijie most numerous rcpreseata- 
tivea in the Silurian I'ocka belonged to the class Cephalo- 
poda (§ 147) including the Ammonite and Nautilus, and tfl 
the order Brachiopoda of the class Acephala. The latter 
inhabited bivalve sheila, the valves of whicli, however, were 
not secured by a hinge, but were confined ty a bundle of 
muscular fibres attached to one shell and passing through 
an aperture in the beak of the other; this gives to the inte- 
rior of the shell a peculiar appearance'. Several hundred 
species of the Brachiopoda have been discovered in these 
rocks. Among them was the geaus Terebralula ; created 
among the first, it has survived longer than any others, 
having several living species in the seas of the present day. 
The genera Iieplxna (Producta,'} Delihi/ris, Orthis (Spiri- 
/er,') and PenfamervS) belong to this period. 

The Ortkoceratite (orlhos, straight j keras, horn,) was a 
straight shell, divided into numerous chambers by septa or 
partitions, which were perforated so that a tube (siphuncle) 
might communicate with all of them. 
Fig. 96. 



196. Of the Iladia,ta of the Silurian period, the coral 
polyps were the most numerous; their fossils form a very 
large proportion of the whole mass of the limestones, crowd- 
ed together as arc the corals of coral reefs in the existing 
oceans. The Cham-eoral^ Oatfiiipora — is a beautiful ge- 



H,,.i,.d-,y Google 



156 



TRANSITION OR PAlfiOZOIC ROCK.S. 



niia charaeteriaho of tlie Upper Silurian beds. In the 
lowest beds, and among the earliest forma of life, are found 
groat numbers of a fofcsil, called, from their markinga opon 
the rooks, GraptoUtes, anppoaed to have been zoophytes, 

Fig. 9e. 




allied to the sea-pens' which inhabit the muddy gedinicnt of 
the deep waters of the existing oceans. The Graptolitea 
are not found in the limestones, but in (he flags or slates 
of the Cambrian and Silurian rocts, and especially in a 
fnud-slonc, which indi- Fig. 1)7. 

eatea tranquil deposi- 
tion. The Orinoid or 
Encrinite iamilj ia rep- 
resented in thia group 
of rocks, but was more 
fully deTeloped at a later period. The fossils of the Silu- 
rian roots indicate that they were depohited in deep seas, 
and in a temperature at least as high as that of the tropi- 
cal regions of the present period. Marine ]ilants were 
abundant, but the existence of land plants or animals at 
that period has not been, established, 

197. Tlie igneous rocks associated with the Cambrian 
and Silurian systems, are granite, porphyry, and gi-eenstODe, 
whose incursions have often given to the strata inclined and 
contoi-ted positions. But the Silurian beds of Sweden are 
horizontal, and those of the State of New York are but 
Slightly inclined. 
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THE OLD RED SANDSTONE— DEVONIAN SYSTEM. 

198. This system, consisting of conglomerates, saad- 
stoncB, marls, and limestones, is intermediate io all respects 
between the Silurian and Carboniferous systems. The pre- 
valent color of the marls and sandstones — dull red — is due 
to the peroxide of iron. It is called the Old Ked Sand- 
stone, ffl distinguish it from the New, which lies above the 
coal. It is OKtensively developed in Herefordshire and 
Devonshire in England, and iu Scotland, where it has been 
fully investigated.* Although the beds of Devonshire 
differ from those of Herefordshire and Scotland, in mineral 
and mechanical condition, the eharactera of their fossils 
clearly sbow them to be contemporaneous witJi the Old 
Bed Sandstone of the other districts; hence the system is 
eonietimes called Devonian. 

199. Tabular arrangement of the English and Scottish 
members of the series : 

OLD BED SANDSTOXB— ABOUT TBV TIO *hD FEBT THICK. 

{Quai-tio&e Yellow Sandstone, 1 
Impure Limestflne IUppkb. 

Grittj Rt 1 Sandstone J 

Coriiatone Gray fit ile Saadstone . Middle. 

Ked and variegated S i 



Com stones and Mar), 



BiwiainoiiS Si,h sli 
Coarse gntti Snndsto e 
Great Congl jmerate 



In Scotland the base of the sjstem s an extensive, thick 



• " A New Wall; in an Old Field— The Old Red Sandstone, by 
Hugh Miller, Esq.," is a work by a jn.in of eelf-taiigUt genins, 
combining the accuracy of scieniifio research with tlie fascinations 



H,,.l,.d-,y Google 



OK PAL^OZOIO H0CK8. 
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Ih bd 




h 


D 




Sy m, in Scot- 


1 d 


IE 1 d 


1 


i b 




is 


d -da of com- 



piris f h 1 f h m y 1 er parts of 

bwldThb be gdd veloped in 

IrldBlgm JE 1 kwto exist in 

SIA dAaJiINhA erica, their 

1 h te 1 1 rn. have been 

shown to be identical with thost, of the Scottish series ; they 
are developed in the States of Pennsylviinia and M^ew York, 
and west of the AUeghanies, in some places from one thou- 
sand to fifteen hundred feet thick, 

201. The organic remains of this period are very pecu- 
liar, consisting of corals, molluscous and radiated animals, 
not diiferiug widely from those of the Silurian system ; but 
the vertebrate animals are hero represented by a large num- 
ber of species of singular fishes, in many instances so well 
preserved as to exhibit their outlines distinctly. These 
fossil fishes are sometimes denominated iehihyoUtes, (icJitlius 
a fish ; liikos a stone,) and although traces of them are dis- 
cerned in the Silurian rocks, their abundance and perfect 
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preserviition in tlie Devonian gystoni have rendered them 
characteristic of it. They belonged to the Ganoid and Pla- 
coid ordera of fishes, (§ 149.) Of the eighty Ganoid spe- 
ciea hitherto describedj moi-e than fifty belong exclasively 
to the Old Bed Sandstone formation. The Ganoid fishes 
are covered with angular scales of bone, coated with enamel, 
which regularly arranged invest the whole animal. Many 
of these fishes, in the structure of their teeth and other pe- 
culiarities appruximate the reptiles, and hence are called 
Sauroid. The G-anoid species are nearly extinct; the stur- 
geon and bony pike are, however, living representatives of 
the order. Another feature of the fishes of this period 

approximating them to the Saurian 
^^' ^^* ^«^ type, is the prolongation of the 

vertebi il column into the cindil 

fin, prnducing a 7ictei occi cal tail, 
lepreaentcd m figure *18 In all 

fishes of the existing s<,as, with the 
exception of the sturgeon, shark, tnd bony pike the verte- 
bral column terminates at the point 
from which the caudal fin is gi 
off equally above and belon, consti ) 
tnting a homocercal taU, as exhib i 
ited in figure 99. All the fishes of " 
the Palaeozoic period had unequally 
bilobate or heterocercal tails 

202, The Cephalaspis wis a fi<ih, whose most striking 
feature was aa enormous shield forming the head, hence 
the name (kcpltale, head ; aspf, shield ) This crescent 
shaped buckler gave the animal the appe irince of i tnlo 
bite, and the first discovered specimens wtre supposed to be 




cvustaccous. The body ■ 



1 inj.arxli\dy sn il! elon 
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gated, tciBiin ilms: in *i Iietcioteic 1 
tail It was luiaished with flni, (1 e 
doisal fins are usuiUj conspicu us 
The hody and head weie ooiui,! 
with hyny, enamelled scale'" T 
fish seems not to have attained s, 
lajge size , s])eemn,n8 are abo t J 
soTon mfhea m length 

203 Atiotlifer equ dlj- sina;ulai 
nua was the Pla idiihys — the Wing 1 
fish {Pleron, a wing itbtl us a hsii ) 
characteiiaed by its two wing like 
lateral ajifieudagea ^jhieh WPie a 
we ipons of defense, and may ha, e 
assisted m locomotion Its bot y 
WIS piotected by sfinng buny tnam i" ^ 

elled plates, its heal wis small bji^y flit, and its tail 
thickly coveied with sLile« It did not escei,d a foot in 
length. 

Fig. lOl. 
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204. The Coccosteus resemblos tLe Pterichthja in general 
etmctnre and eovei-ing, but iras destitute of wing-like appen- 
dages. It derives its name from tlie berry-like tubercles 
which stud its enamelled bony plates (koklcos a berry ; osteon, 
a bone.) Its liead was large, covered with several plaffis, and 
attached to the body by small articulating sui-faoea. The up- 
per part of the body was covered with one plate and the low- 
er part with four. The tail was much longer tban the body 
and furnished with two fins Many othei genera belonging 
to this period have been described among which may be 
named theiS>fo^(j/c/jm6 whose bony platos aio moienunier 
ous and smaller, nd the Osfedeptt, in nbich the lony plates 
become scales and the figure of thi, inimil appioximates 
that of existing fishes Some of the^e attai cd a laige siae 

205 The biachiopodous j,eneia of shells Tpiebiatula, 
Orthis Spiiiftr &c except tl 
Pentameius of the Siluiian p<, 
riod aiL extended into that of the 
Old Red ban 1st ne Tho coials 
Q/athoj/hylluni ait I favoute^ aho 
are common to the two pen Is 
The Favosites consisted of a cont,e 
nes cf diverging ascending tubes 
divided by Itmellfe and coramum iaTo=itoa po ymocpha 
eating wilh each other ly lateial o],enings rif,ure 10-4 
piesents t polialied -Ji. Inn magnified ti sl ow the interior 
14 
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Fig. 104. structure. The rocks of New York and Ohio 
abound in specimens of this genus. The tri- 
lobites of the previous period reappear in the 
Devonian) in several species of which the 
Bi-ontes grew to the length of four feet, and 
closely resembled the lobster, having similar 
tubevcalated claws. 

206. The plants of the Devonian period appear to have 
been mostly marine fucoids, which are so numerous in some 
of the stratj, that the slate beds owe their fissile character 
to the layers of carbonated sea weeds. Ferns and plants 
allied to the Lepidodendra of the carboniferous period oc- 
cur; and Mr. Miller has recently proved that Dicotyledon- 
ous gymnospermous plants with true woody fibre existed at 
that time.* 

207. The igneous rooks aasooiated with these strata, 
are principally varieties of the trap, which have invaded 
and distorted many of the beds. At the close of the Devo- 
nian period, the true granitic eruptions appear to have ceased. 

THE CARBONIFERODS SYSTEM. 

208. The Carboniferous system consists of a widely ex- 
tended series of fossiliferous lime tones alternating with 
sandstones and daik bituminous shales containing beds of 
CO I The fcul div sioos of the sj item m Engl n 1 ire rep- 
1. sc t d m the foil w ng tabic 

("AUB NIFEROUa Bl IBM 

'Ion 1st ne Shale and oal tdtematmg 
The CoAt Measires ■" tli bed', of clav iinii uonatone Land 

, , plm ts m i olosion 

3000 feet tlioL i Se.tone v tli fresIi^Mer ani marine 

shellR 
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S g tone atouiifling in cor- 

h. 11a ; with layers and 

Orea of oopper, zinc, 

d fluor Epar. 

m merable alieils — spirt- 

haceralile, bellerophoii, 

k b uiah gray, ond Tario- 



This system of rocks is developed in Ireland, Friinoe, 
Belgium, Spain, Russia, China, and America. 

209. The organic remains of this period are of marine, 
fresli-water, and terrestrial origin. lAAyolites — teeth, fins, 
Fig. 103. 




spines, sciiles and ooprolites of llslieH, as well aa tlio entire 
5sii abound." The fishes belonged to the ganoid and placoid 
orders— sauroid— and in some instances, as in the Megal- 
iclithys, were of gigantic siac. 

Of the Crustacea, the trilobjtcs were still the principal 
representatives. Shell fieli were very nnmerons and large; 
representatives of all tte orders — mulfivalve and univalve 
single-chambered and many clinnibered occur aggregated in 
masses, as they lived gregariously. Among the bivalves 
thfi Tevebratula, Spirifer, and Inoeeramus ; and among nni- 
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valves, the Goniatitej Orthooeratite, BolleTOplion, Euompha- 
g genera. 

A few spe- 
s of Co- 



ind Aiimionite, were frequently r( 
Fig. 106. 




enamal The 
conl poljps 
formed exten- 
sneieefs The 



of this puiod 
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are mostJy conliued to tho lowest iiiemticr of the sjstcm — 
the carboniferous limestone, iu which they are estiniated to 
form at least three-fourths of the whole mass. 

210. In the organic remains of the upper memhers of 
the system — the coal-measures — the great abundance of 
vegetable fossils, indicating a most luxuriant growth of laud 
plants, is the most stiiking feature. That coal is of vegeta- 
ble origin, is abundantly proved by the organic structure 
which can be seen in it with the aid of a microsc«po. The 
differences observed in coals may be due to their origin 
from different plants. The coal occurs in sfaata of sand- 
stones and shales, with intervening layers of ironstone and 
limestone, some of which appear to be of fresh-watev, and some 
of marine origin. The beds of coal voay in thickness from the 
fraction of an inch to thirty feet ; in one of the English coal- 
fields their aggregate thickness is one hundred and fifty feel. 
The number of beds also varies, sometimes esceding one 
hundred ; the central beds are usually the thickest and purest. 
The coal-measiu'es are often designated as basins because 
Jhey present themselves in troughs or basin-shaped cavities 

211. The shales which uuderlie and overlie the beda 
of coal contain the best specimens of the coal plants, whioh 
occur between every succession of laminae. The newly 
exposed roof of a coal mine presents a beautiful display of 
interlacing stems and leaves. " The most elaborate imita- 
tions of living foliage on the painted ceilings of Italian 
palaces bear no comparison with the beauteous profusion of 
extinct vegetable forms, with which the galleries of these 
instructive coal-mines are overhung. The roof is covered 
as with a canopy of gorgeous tapestry, enriched with fes- 
toons of most graceful foliage flung in wild irregular pro- 
fusion over every portion of its surface. The effect is 
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heighteaed bj the contrast of the coal black color of tbeso 
vegetables, with the light ground work of the rock to which 
th V ar tt h J The spectator feels transported, as if hy 
en h ntn t t the forests of another world; he beholds 
tre f f m d haracter now unknown upon the surface 
of tl h p ted to his senses almost in the beauty 

and t tl ir primeval life ; their scaly stems and bend- 

ing b h , with their delicate foliage are all eproad forth 
before him, little impwred hy the lapse of indefinite ages, and 
bearing faithful records of extinct systems of vegetation, which 
began and terminated in times of which these relics are the 
infallible historians. Such are the grand natural herbaria, 
wherein these ancient remains of the vegetable kingdom are 
preserved in a state of integrity little short of their living per- 
fection, under conditions of our planet which exist no more."* 
212. Several hundred species of coal plants have been 
discovered which are allied in their generic characters to the 
ferns, canes, pines, cacti &c., but as species, became extinct 
before or at the close of the carboniferous period. The 
flame species are mostly found in coal beds in Europe, Aus- 
tralia, the United States, and in Melville Island in 75° 
north latitude. The plants of the present period which 
most resemble the coal plants, live within the tropics, and 
are very much smaller than the corresponding members of 
the Flora of the carboniferous era. One of the most common 
fossils of the coal strata is the catamite, so called from its 
reed-liko appearance. It was cylindrical, gradually tapering 
to a point, and frequently curved at the extremity ; ribbed 
or furrowed longitudinally, and surrounded at intervals by 
horizontal rings or articulations. It was a branching plant 
Vfith a hollow stem, woody tissue, and distinct bark. It has 
* Pr. Butililand's Bridgewater Treatise, p. 458. 
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Tree Fern. 

been supposed analogous to the equisetuai or Lorse-tail 
of the present iay but was much largei, ittaming the size 
of fourttPQ inches di ini fer 

111, lOS 
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fronds fell off as the trees advanced 
two hundred speeiea of ferns have 
a of Euiope 



h Moie than 
1 found in the coal 




Tre( 



feim 



eonapii_uous ub 
jecta m the pres- 
ent floia of Aus 
tralia , i lecent 
nelei desciibcij 
one of them mhic 
rises to a faeiglit 
of fifty feet, ex- 
hibiting a rieli 
crest of fronds, 
and rivaling even 
tree in beantj. The ferns are vascular 
cryptoganious plants, having their organs of frnctifieation 
on their leaves, as seen on the leaves of the polypody or 
the hral;e. Moisture and a warm climate are favorable to 
their development. The names of the numerous fossil gen- 
era of ferns are derived from pUris,- a fern, to which is pre- 




the princely palm 



Kg. 111. 




fixed a term indicative of some pecu- 
liarity, as Lonchoptei-is (spear leafed 
fern,) Sp7ienoptei-is (ivedge leafed fera,) 
Pa«ii jpterig (the thick fern,) &c. 

214. Two genera of lofty forest trees 
appear to have contributed to the for- 
mation of coal in large proportion. One 
of these, the Lepidodendron, (lepufos % 
scale; dendron, a tree,) was a branch- 
ing tree forty or fifty feet in length, find 
four feet in diameter. Narrow shav]) 
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pointed leaves arc found at- 
tached to it, and soaiy eones 
occur with it ^rhieh are sup- 
posed to be its seeds. This 
tree is regarded by botan- 
ists as intorinediate between 
the Ooniferse and the Ljco- 
podiaci'Ee or elub-mMses. 

215. The other genus 
Sic/illaria, (^SigiUum, a 
seal,) was eharacterizfd by 





el L,a t fl It I J, w th 
rows f synin-etii 
eal scats or imjres 
hvsaa, disposed mth 
&uch regularity, 15 
sometimes to have 
induced the belie! 
thit they ■were en- 
graved stocea. These 



riUa a 



8 left 



iu the bark by the se- 
pniation of tho leavLi 
tiom the stem or the 
tiuni These tucs 
aie usually found 111 
a honzontai position 
and much flattened 
by the jjiessure to 
which the\ ha\ eheen 
subjected, but aie 01, 
(nsionallj'fouiidereet 
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With tbeji loofa m tlie boil lu the j-oaitiuns 
grew, and their e^lmdrical fjrms are thin ; 
The Sigilkiia grew «ixty feet in length ind h\e feet itt 
, giadually lipermg ttwaid the summit The 
L inch thick 13 frequently 
I ate udstone or 

d S' m Sr a maik,) 




h n ural direc- 
nd up n the clay 



land n ft up 

right p n 

Kg. 114 w h sg Ti ^ s 

its ro ts ta h d nd xtending i 

tions Th nte u y 

heae h h b s 

2 6 Th f unk f a f nd a many in- 

stanceSj erect or iadined in the coal-bearing strata. The 
mine of St. Etienne, ia Fraace, exhibits numerous vertiea] 
Btenif. traversing all its ^a'iita appearing like a forest of 
plants petrified where they grew. In the Craigleitli quarry 
near Edinburgh, a cuniferons tree fifty-nine feet long was 
found lying at an angle of forty degress, and traversing 
ten or twelve sandstone strata. This would seem to have 
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heen due to sudden Bubsidence 

orinundiitioii|bjwliicii the sand 

and mnd were brought oyer the 

trees ; or in the cases of inclined 

stems, the greater weight of the 

roots may have brought them 

in that position into the sedi- 
ment of the water in which they 

floated, as the snags of the Mis 

siasippi art. known to work their 

way many feet into thp bel cf 

the river 

217 The onyn ot tl uc 
cession of coal beds with tiieir 
intervening strata is not yet 
satisfacf nly asceitamed Some 
geologibts suppose, th.it dense 
forests and peat-bogs subsic 

ered with the mud and sand, which constitute the si 
sandstone strata over the coal ; the land rising again and ac- 
cumulating vegetable growth, was again submerged — a auli- 
mergenoe and elevation occurring for each bed of coal. The 
number of alternations thus required rendei'S this mode very 
improbable. Another mode of accounting for the plienom- 
ena attributes the coal strata to successive deposits of sand, 
mud, and vegetables made by rivers in lakes or estuaries, in 
accordance with the specific gravity of the materials. Thia 
mode of action is supposed to be illustrated on a small scale 
in the deltas of our large rivers, as the Mississippi and 
Ganges, where immense rafts of vegetable matter are inves- 
ted by the silt of the nvers, especially during inundations. 
The perfect state of preservation of many very frail plants of 
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rig lie 




Ooul Flora. 

the coal strata however, seems hardly consistent with suA 
violent action, 

218. The igneous rocks invading the carboniferous 
strata are trap rock and metaliferona veins. The trap ia 
naually dai'k colored, presenting itself in dikes, and flattened 
maaaes resembling strata, appeai'ing to have been erupted 
at the botfom 
an ocean. The 
variety of fjap i 
called toadstone, 1 
ia abundant 
the carboniferous % 
limestone with an 
^ggregite thicl 
n some pi 



Fig. 117. 



i of c 






died ind eighty feet 
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by trap dikes are illustrated by ]?ig. 117, in whith the two 
parta a and c of a coal bed ate rent asunder by the dike b, 
and the strata oq the side a cast up two hundred and sev- 
enty feet. The texture of the rooks adjacent to the dike 
has also been changed by its heat. The ooal-beds of Bel- 
gium have been tlirown into a zigzag form over an esten- 
sive district, giving rise to an apparent multiplication of the 
beds; these "troubles," however, sometimes render the 
coal more accessible. 

The carboniferous limestone of this system, is designated 
vielaliferous : it is the great repository of lead ore — galena, 
or sulphuret of lead; iron also abounds in the system. 

The rocks of this series often contain ^troleum, or min- 
eral pitch, which consists of bituminous matter driven out 
from the coal by subterranean heat ; springs or wells of 
it exist in many localities 

THE PERMIAN BYSTEM. 

219. The name Permiin System has been applied by 
Mr. Murohison to a fossiliforous series of rocks, which are 
moat perfectly eshibited in Permia extending over a district 
of 700 miles in length by 400 in breadth, in Russia between 
the Ural mountains and the Eiver Volga. They occupy 
an intermediate geological position between the Carbonif- 
erous and Triaflsie systems ; and consist of magnesian lime- 
stones, marls, ired and green sandstones, with beds of gypaum 
and rock salt. Their fossil contents animal and vegetable 
resemble those of the carboniferous period. The subdivi- 
sions of the system in England are ; — 

PERMIAN SYSTEM— NINE HUNDEBD FEET THICK, 

r Gray tliin-bedded limestone, 
Mjonesiab IdMESTOBE J Red Marl and Gypsura, 

1 Magnesian limestone and Magnesian oon- 
glomerate. 
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( Lower new red sondBtono. 

These rocks are developed in France, and more distinct- 
ly in GJermany, where they have beeu thoroughly investi- 
gated, and classified. Theupper orMignesianmemherof the 
Beries the Germans designate Zu h He n—mine stone — from 
i*a containing copper ore, ind the lower sanditone, thoy 
call TOthe-todte-liegende — ri,d dead licr, bccauae it is of a. 
red color, is dead, producing no metal, and underlies the 
metalifcrous deposit. 

220. The lower new red sandstone is closely allied to the 
upper coal measures, containing some of the same species of 
extinct vegetahles In mineral eompoaition it differs in 
heiug mtre highly charged with the oxide ot iron The re 
mains of flshea aie found in it, and in some of the marly 
beds m ^uch quantitii,'* as to ren ler them bituminous and 
fetid The (hirjcteiistit, membu of this system is the 
magneaian limestone, which consists of the unrbonate of lime 
and the caibonate ot magnesia in different propoitjons, tht 
rock 13 ilao Q-^XtA dolomiti It occur? uiuiliy Uminated 
but ptesents some lemiikable matinees of Cincreticnury 
sfructuie, sometimps in gieat m'is'ses, ivhn,b. resemble 
piles of cinnon bilh The dolomite is comparatively des 
tifute of fifisiln, while other limestones of the system 
abound with them This is thi, only instance in which an 
extenSHe limestone deposit his been so lirgely charged 
with magnesi \, nor is its origin in this c ise c isily aocounf 
ed foi , some geologists infei fiom the stia(,ture ot the roci 
ind othei phenomeni, (hit the magnesia, was infused, ju 
the state of liquid oi vjpor, into the limestone after ita de 
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The prevailing size of the species of fisliea found in tliia 
formation indicates a diminution from tliat of earlier pe- 
riods; but the most remarkable palfeontologica! feature of 
this epoch is tlie appearance of reptiles, Sve species of which 
have been recognized. 
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BOOKS OF THE SECONDARY PERIOB. 

221, At the close of the paljeozoio epoch, a new era oo* 
curs in the history of tho globe, marked by violent disloca- 
tions of the strita then deposited depression of extensive 
pnhh hh fh 



THE T It r A 



S 1 S T E M . 



222. This system is denominated the Upper New Red 
Sandstone in England, hnt is called the Trias on the Con- 
tinent of Europe, from its appearing in iki-ee distinct and 
well marked formations. They have been investigated 
pi-incipally in Germany and France. The following are 
the subdivisions in Germany, Enghnd and France. 



Saliferous Marie mid 1 ,. 

S.nJ.ton.1 I "^""r"' 

Deficient. Musclielkalk. 

Sandskine and qumt- 1 , 



Monies irisees. 
Musclielkalk. 
idstuin. Grca liLgarre. 
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Tie B C ar egatcJ) S dsU a a fi g a nel 

sand tone ally of » red color bi t somef e^ blue g een 
r wh fe and conta ns some fos 1 plants and ma ne b1 ells 
The Musch lla?/ (n usael-cL Ik) b a g ay or green 1 
CO uptk 1 1 mestone conta n ng the rema ns of fishes t^di 
t-ed anin als a d shells n great abundance isome parts of 
t are h ghly charged w th an nal b tamen 

The K up eon ata of fine gen ne 1 andstone 1 

marls of vt o s color g ay r d He and gieen th 
ah ndonee of rock salt and gjpsum and few an a al re- 



i pe od were /ems — n 



223 The fos3 1 planU of th i 
wh oh even the fructificat on has b 
con/erm an 1 cff adese 

Fossil fishes fo nd n the rocks bel w he tr a ar fu 
n shed w th 1 eteiocereal ti Is n the t saoproiths 
w th ho n c cal fa \t wer ntrod eed ind hi e eonf n ed 
to p e loo natc Us the present day The Lly E 

I 118 oc s n the aci elkalk n a he t ful 

stafo of pre er\it on It tel ng to the 
f m Iv ot Cr no dei wh ch a e fo In 
great nu hers a the ocl.s fr a the S 
lur an sy te u '&\ ward The e an mals 
had long JO nted stems tt ehed at the 
base to the ro ! support g a cuj 
sbap d av fy fo u d by calcareous 
plates closely fi t n^ ea h other Th % 
cup cont ned the v see a of tl e an mal 
from ts n rg n rose s enl a m sub 
d id ng nto braaches furn ahe 1 on t! e 
n de w t! n n cious f elers 

This skeleton was covered iiy soft parts; 
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cJtiles, scrtw-stniws, puUei/stones, 
and in the north of Etigkniil, 
fairy stones and St. Outlihert't 
heaih. The stem of the Bneri- 
nite ia circular^ while that of 
the Pentacvinite is pentfigonal. 
The Cyathocrinite (cup-like En- 
crinitc) was a genus of remarka- 
bly light aud elegant ajipeavanee 
found principally Id the Silu- 
rian, Devonian and Carbonifer- 
ous limestones. The Pentaeri- 
iiite 13 ezhilit d in rij,uie lOb, 
§209 



224 R ptiles aie found in •such n 
daiy 1 5ck^ that the pen d uf their deposition hia been 
cillei the age of itptiht (§152 II) M ic thin thirty 
now genera have leen aided to the diss ly the study 
f tho fossil forma Reptiles weie fuimerly di,si.iiled 
under twi rder^ distinguished by tin, piesenoe or ib 
Benoe >f external feet The vanuty and peculiaiities of 
the fossil species leudei a new aiTangement of the mem 
beis of the class mlispensalle The classiflcition pi-o- 
pns 1 by Pi f ga r 0"cn 13 admn i! ly adaptc 1 to lis pui 
pise inclutino n nitui il ^^i ps ill hao\n aieue'f i asil 
and recent 
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:LAssiir,iiK™ 


Ji. Thmul fossil in. 


Obdbb 1. 


Dinosauritt 


(Land Sauiians.) Oolite, Wealden. 


" 2. 


EnBUosaurio 


, (Marine Saorians.) Muaehelkolk, Lias, Oo- 
lite, Woalden, CiinU.. 


" 3. 


. Croco(iii;a 


(CroootJiles, &e.) Lias, Oolite, Wealden, 
Chalk, Tertiary. 


" 4. 


Lneertnia 


(Liiarils.) Magnesian Limestone, 
Ciialk. 


' 6. 


rtcrosuuiia 


(Flying Saoriana.) Lias, Oolite, Wealden. 


6. 


Chclnnia 


(Tortoises, &c.) Oolite, New Bed Sand- 
stone, Wealden, Tov- 
Uavy, Chalk. 


" 7. 


OphiJia 


(Sarpcnta.) Tertiary. 


'■ ^■ 


Batvachia 


(FroKS, &o.) New Red SandBtono. 
Tertiary. 


The 


reptiles of 


the Triassic period were of ,^ 


the socond oi-der, 


Marine Saurians ; of the Ji^ 


fourth 


order, Liza 


rds-— -the Rhynchosaiiimn, so SS^ 


called i 


Vom its Lead tesemhiing the heak of a 1*7 



hird, and the lyicynodon, having only two teeth, 
which were canine ; and of the eighth order, ^ 
Frogs. ^ 

225. Peculiar markings, bearing stiiking re- A/} 
semhlance in form and rolative positions to tracks (■' %Mj 
made hy animals in walking, have long since been \*^- 
observed in the rocks of this period. In 1834, an 
account was puhlished of some of these observed 
in tlie Eunter Sandstein, in SiVKOny. They re- wjft, 
sembled the imprint made hy a human hand upon ^^ 
any plastic substance, as represented in the ad- . 
joining figure. It was proposed to call the animal^ 
that made the track, Cheirotherium {Ghsir, the 
hand ; iherioitf beast.) No bones were then, identified 
as belonging to this anima!, its existence being inferred 
from its tracks alono. The dimensions of the tracks are 
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Tarioua, anJ tho^e nnde by tlii, hmd feet m, iln ■^s niuoli 
larger tlun iho'se t tlie tuie ftet, m some instjans twice 
as large The posterior extiemities of the animil appear 
to have heen larger and longer thm tin. anterior Some 
f ogm ut f k letons hive smce hcen founJ rn the lOck 
w th th t k which enaWe Piofcisor OwL.n to eslibliah 
a, g nus f th Eattachian order of reptrles, including 
se 1 pe fiequonting the sea shore at the tune of 
dp t rr f the New Kcd Sandstone The jai 



f u n h d w 
minishiag r 



f the anrmal, 
1 Figur 121 



t least a hundieJ teeth on etch side, di 
se fiom the rurddle to the estremrtiLS, lu 
mbhng those of the eiocodile An oufliw, 
,>* le'.tored b> Professor Oncn rs presentcl 
As 1 seeticn if o toofh exhikfi lis tho 

Fig, 121. 




Vstiygt^' 



aid of a microscope, lahyrintliine eon volutions, the aviiiiid 
is called the Lahyrinthodon. The tracks of tortoises and 
crustaeeous animals have also been observed in these rocks, 
and traced in some instances twenty and thirty feet. These 
fossil foot-prints ai-e called tchnoUtes (ichne, traelc; Uthos, 
stone.) 

226. Numerous remarkable tridactjle impressions have 
been discovered in the sandstone of the Conneetieut Val- 
lej in Massachusetts, which are nniversally supposed to be 
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the ti-iekti of bijed ai m'\h iiapimted oi tli locl s wiieu 
they nuie m a soft toi mg staU, Sone sptci ieu& ex 
hibit veiy ckaily the chaincter of the foot its lows of 
lomta claws mil integument" The test uiipie&sioiia ate 
in fine shale which la incrusted wjth micaceous sindatone , 
the sjifjipca cf the split atiata .iie counteij. aits of each 
othoj the shales exhiHtiu^ the tiadts is moulds *ii d 
the sandstone as cists m ulief The animals flhn,h made 
these tiatks aie supposed to hi\e been lirds though none 
of then bones have yet been found in these strata Picsi 
dent Hitchcock distingnisih s moic thin th ity '([eoies ly 
diffeiences in the tiicks They jie of \anous sizes 
1 ine as small s out Sfarrows while &ome male a tuck 
fifteen inches 1 ng esc eding hy flie incheB tht, tiick of 
the Afucin ostnch The length of the atnde of these 
Invest species was from foui to sis feet The doubts 
formeily tntcitaaned lespectinj, these On uJucmles have 
been dissipated by the discovery m the illmnl deposits 
of New Zeahnd of the sk letons f wiiglesa bii Is as 
large as those to which the ttacks m the New Ked Smd 
atone are assigned (|^01 ) Thebe bud tiicks 1 a\ 1 een 
piesontcd in Figure 69 ^ 126 

227 Th k f th p d m t h b p 

ally fitted to i rp tuate rap th j pi k a 

th m y dist t ] t wh t m k H tl 

urf ftep tptdpp ddwtl 

Utl L m ]1 Ira dp wli 1 

tt b ted t 1 p Th n t 1 tcl 

f th 1 p w d by tl w I a hi q 

d t P 1 t H f h ock k It t 

t t th I f th t h I 11 f wh 1 
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! gPDLra 
hiva sunk into utter 
oblivion, (ho simplt, 
iootstepa of anira il I 
that esisterl f li n 
Bauds, nay, tcu" 
thousands of }i. i 
ago, should tlui iiu i 
as tiesh and di 
tinct as if ye-it i (' 
day impressed £ n ' 
though ntaily a I 
ry other vestig 
tbeir existence h<is 
vanished nay, still 
more stiange is it 
that even the pat 

teiing of 1 Shrtwei ArootptinttmdinipreaBionaDfRwnHlroiH 

at that distant pcnoJ, should hue left mark- Ciiually 
distinct, and registered with infallihle eeitainty, the diiei^ 
tion of the wind ' " 

228 The ongm of roti salt in massei, is usually 
ascribed to the evaporation of the water in hnnc sprmgi, 
or poitions of the sea, isoUted and exposed to a high tem 
perature The salt is in such ououmstaupes preeipitated, 
and aecumalates, as la seen in the Gieat Silt Like, the 
Bead and Caspian seas, and the Hlies of northern Afiica 
and Arabia Some phenomena of salt beds, howL\ei, 
indicate a connection with volcxnio agen'y Salt t^ not 
confineil to the salitcrous deposit of thi. New Ked Sand 
Btone, but IS found in the carboniferous, oolitic, and tertiary 
rocks 
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a' HE LIASSIC SYSTEM. 
229. The Lids consists of strata mostly argillaceous; 
but liaving a large quaBtity of calcareous matter also, it 
embraces many bands of argillaceoas iimcBtones. Some 
beds of marly sandstones alteniate with the clays and lime- 
stones. The term lias is probably a oorruptioa of takers, 
alluding to the riband-lite appearance which a section of 
the rooks of the system presents. This system of rocks is 
developed in England, and on the eontinent of Europe, in 
France, Switzerland, and Glermany ; it is supposed to exist 
also in Asia ind South America but it is doublful whether 
there aie any of its kpcsits in North America Its subdi< 

■ Fpper Lias or Alnm Shale— «oft thaieo ei 

tiemely fassiliterous jet and bitumicizet) 

wood hard shales 
Marlstone — toloiei talcareoua claja and santti, 
I'l*' impure 1 mestone 

600 feet th It LoAUr tins hhale— oalcareoua flaeston a lainin 

ated Urk colored shales 
Lower Lias— i tbm bed of argillaceous lime 

^tone r^ontjiuimg numeions fossil b&hes , 

aometimes jass i^ into sandstone 
230 The Liai formation is surpassingly rich m fossils 
embracing lepiescntiti^es ot all the gis-at nxturdi families 
The Coials aie few and smiU, lut the Orinoidea weie ex 
ceedingly abundant, whole beds ■srt made up of J'cntacr^ 
niles, so perfpcflj preiservi-d that their minufe'-t anatomical 
structuie is discernible Tl 
animals ire supposed to h 
had the power ot attaching ind i 
detachin^ thtnisclvcs it will 
large misses of thi,m nre founi 
attached to the tosail wo d of 
this peiiol Bnihe shell hbh 
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are very numerous, some of which are cliara.eteristic of the 
foi-mation, aud others of particular beds; one of the marly 
limestone beds is called the Grypkite Li'meatone, from the 
great abundance of the peculiar fossil Gri/phma incarva, 
Fig. 123. The Terehratulm were still continued, and the 
genus Spirifer, which however terminates its existence ia 
this formation, being found in no newer rock. 

231. Tiie Ammonite, though early introduced in the 
strata, appears at this period to have been greatly expand- 
ed; more than seventy species of the genua have been 
found in the British Lias. It was a univalve, many cham- 
bered shell, whose inhabitant j. j2i 
belonged to the oidir Cepha- 
lopoda. It waa allied to the 
Nautilus, which I'esides m the 
outer apai'tment of its shell, 
communicating with the intc 
rior chambeia by means of a 
tube — aiphunde — in 1 is sup 
posed to nie and fall through 
great depths of witer dimm 
ishing 01 inerca''iDg its specific Ammonita 

gravity by withdiawmg or injecting water into the internal 
cavity As the shells of the Ammonite were thin, they 
were ften strengthened by ribs and tubercles. They vary 
in size from half an inch to four feet in diameter. 

232. The Bdemnile, (so called from its resemblance 
to a dart,) occurs very perfectly preserved in the Lias, 
Oolitic, and Chalk rooks. It consists of a calcareous, cylin- 
drical or conical shell, pointed at one extremity, and ter- 
minating at the other in thin conical chambers. Some 
specimens are small, amber-colored, and transparent; while 

16* 
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others iri- i^iaL, ten or twel e iDcie Icng inl four 

inches in oiieuuitercace The animal ^y i2j 

WlongLil to the Cephalojodi was 

allied to the Cuttlefish nnd w la fur 

n hed w th -in ink bi^ The sheU 

(ri„ l^") ) was like the ppra of the 

Cuttle^^h intLTnal The ink bag and 

its contents have bten found fossil, 

and a pigment, i idia ml,, his been 

piepiiel from them p aae'^ing all 

the pro]eities ot tke ink jrqpied 

fiom the recent bi-pia Tlie cftparts 

of the an mal ire in many inotauec^ 

so well peserved (hat its foim an! 

struetuie aie discernible Its eyes 

Were kige jnl piomice t and its 

hoiny bctk powerfil Iti habiU ^° °""'' 

were probably like those of thi- f mily cf tin. p ea nt la^ 

extremely voracious 

233 Fishes and Reptiles were the repiesentxtnes ot 
the Veitebtata at this peiiod, of the fDjmei moie than 
aixty species have been discovered in the Liaa of England 
belonging almost exclusively to the G-inoid and Pheoid 
orders and all of thorn extinct Numeions fossil •sjines 
or bony i lys of the iorsal fins of extinct cai tilagiiious fiaho 
are found in the Lias rook" detached and isolated they 
are called IJUhjodoruhles They weie not ailiculated to 
the vertebrse but deeply implanted m the flesh Some of 
the exiafing species of shiik ■\tl provided with the same 
bony ray giving to the dorsal fin greitei f lee an 1 preci 

2 4 The lleptilcs of the Lii sic i^i 1 leli^ t the 
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marine ordci" — Eaalioaauria — and are principally confined 
to two genera, IchfJii/osatiT'us anil Piesiosuums. 

The lohthjosaurus, or fish-hzard — so called because it 
combiQea in ita structure the ftatures of the fish, with those 
of the reptile — resembled the Grampus or Porpoise in 
figure, with a much larger head and a long tail expanded 

Fig. 12a. 



vertically, as are those of true fishts. It was covered with 
a tough skin, like tbst of the whale, destitute of scales. 
Tlie orbit of the eye was unusually large — in some speci- 
mens eighteen inches in diameter — and enclosed a series 
of bocy plates, enabling the eye to adjust itself to different 
i varying intensities of light; an analogous 



Head of Ichttiyonnnu. 

is exhibited by the ejes of turtles, Iizirds, and 
of the owl. The teeth were conical, like those 
juodile, and veiy numeious amounting m some 
two hundred in some lii.e indiTidualo the 
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Opening of the jiwa escoi-dcl snen feet Its organs of 
lowjmotioa were fom paddles compO'ied f nui eious bonci, 
surrounded by rajs of true fins, tbe ant ri, i pair weie 
based U(On a firm ]r ist bone which onabLd the inimal 
to gl^e iipilifj and procis on to its motions The t im 
and arringement of its veitebi o which weie m eoire ape 
eies one hundred and f rfy lo. numlei weie like tioso of 
fishes &ome indiv du-Js attuned i length f forty feet 
They w^re cainiioroiis a« la shown by thi,i teeth aa well 
as b> till, contents of then stomachs which hwe leen found 
in a few natinces preserved 

235. The Pie osa a (ph on near sawus, reptile,) 
approached re iiea ly the t ue pt Ics n structure. Its 



head, wh ch resemble^) that of a 1 zard was very small; its 
paddlea we e relat vely longer than those >f the Ichthyo- 
aaurus, i ud ts ta I w s I te th t ot th crocodile. The 
most rem kible pec 1 y esh 1 t 1 1 y this animal was 
the inordinate leu^jth of s neoli 4n uials have usually 
not more than five cervical vertebrae; the swan has twenty- 
four, while the Plesiosaurus had from thirty to forty. The 
Bnimal seems to have been fitted for rapid motion. It 
attained a large size ; a perfect specimen has been obtaiaed 
seventeen feet long, and fragments of larger skeletons have 
been found. Humorous species of the IchUiyosauraa and 
Plesiosaurus have bccu found in the rocks from the mus- 
ehclkalk to the clialk. 
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236. Beds of jei, ic^emWiiig canncl-eoa.! but harder aniJ 
more lustrous, are fnund in the Upper Lias, together with 
large fragmcota of bitummiacd wood of eoniferoua trees and 
Cyeadeas. 

THE OOLITIC SYSTEM. 



237- The Oolite is a marine formatioQ of great extent 
and thiekness, consisting principally of alternatiun's of 
limestones and clays, embracing vegetable remains, and 
very numerous corais, shells, fishes and reptiles; insects 
and mammalia also are found in it. The Oolite derives 
its name (Oon, an egg; Uihos, a atone,) from the fact that 
some of its beds consist of calcareous globules which resem- 
ble the roe of a fish; but this structure is not strictly char- 
acteristic of it. This system is developed in Great Britaio 
and on the Continent of Europe, in France and Germany, 
(called the Jurassic series,) ia Russia, India and America, 
n England are : 



Up FEU Oolite. 



r Porfland Beds— limestone of an ooliiio struc- 
ture, abovtnding with marine shells, ammou- 

Kimmerillge CIny— tlue and yellow day with 
septaria, gypsum, marine shells and beds of 
lignite or Kimmeridgo coal. 



Middle Oolitp. 



f Coral Oolite or Coral B^— coarse limostone 
full of eorals and shells — teds of yeUow sands 
and calcareous grits. 

1 OsfOCd Clay— dark blua clay nith aapiiria and 
i fossils— -beds of colcareons sand- 
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PEKIOC. 



LOWEK OoLITK 



CotllbrilSll — course gray limestone sepiirateOi 

by beds of elay. 
Forest Marble— sand, with thin fissile limestone 

and coarse shelly oolite. 
GreUt Oslile— oolitic Umeatone and freestone, 
wili beds of clay, and remains of reptiles, 
oorals, &o. 
Stoncafieid Slate— oolitic limestone, with i-e- 
mains of land animals, plants, insects, and 
mammalia- 
Fuller's Earttl Beds— marls and clays contain- 
ing fuller's eai-th. 
Inferior Oolite— coarse limestone, ferruginous 
sand tiitli sbells. 
238. The alternations of limestones witli cliijs and 
shales, displayed by the Oolitic series, give rise to peculiar 
features of outline in parts of Englanii and France. Three 
Bucoessive ridges aro the hard calcaieoua beds of the Lower, 
Middle and Upper Oolites, while tlie intcrYening plains 
and vallies consist of clays and shales. 

vOMs. Std OCble. Z^er OiJH 



239. The organic remains of the Oolite are numeious 
acd varied, as might bo expected from the variety of mm 
eral constitution of the strata 

The corals occur chiefly m the Middle Oolite the 
coral rag consists of an cst«nBne i,oraI leef thiity or fortj 
feet thick, composed mostly of a. few genera, some of which, 
as the Carjophyllia, ai'c represented by species in the prc- 

Among the Crinoidea, the Pear Encrinite — Apiocrinitea 
— similar in structure to the Lily Encrinite, grew abund- 
antly, attached to rocks. 

The Sea Urchins — .Sc/u'mi— were also numerous. 
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THE OOLin 

Of the raoUuBca, t!ie bivol 
dant ; some beds arc almost 
tijely made up of tbeir renia 
Tlie Trigonia Coatata, Fig. 1 
abounded in the Osfoid C y 
Ammonites and Belemnites w 
as common as in the Liassic p 
tiod. 

Crustacea appear in the 
to those of the present day. F | 
mal resembling the Lobster 





Insects also are found, some 
bliug the common Dragon-fl 
that tbo most delicate mark g 
wings are distinctly disoornib 

240. Of the vertebrate an 
abundance throughout the s 
ganoid order. The J.chthy 
abundant in the Lias, extend j 

sauxiaBs of gigantic size are 
losaums, Teleosaurus, Stejieo 



Tid Oeiiosawms. But 
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the most anomalous saiuian of this period, was the Ptcro- 
daotyle, (Pteron, a, wiog; dactulos a finger,) an animai, of 
which Cuvier remarks, "It ia undoubtedly the most extra- 
ordinary of all t!ie beings of whose former existence a 
.knowledge is granted to ns, and that wkioh, if seen alive, 
would appear most unlike anything that esists in the pres- 
ent world." 



Tie Flerodactyle bore some 
resemblance to tlie bat, but its 
nioutt was very unlike tliat of 
the bat, having the jaws and 
teeth of a reptile. It was fur- 
nished with powerful membra- 
nous wings, enabling it to fly 
with ease and rapidity, and its i 
feet wei-c not so invohed m tho 
membranous espinse oi tiie 
wings as ia prevent walking 
Its eyes wore itij laifie 

241. The btoneaheld slate 
furnishes the only specimens of 
ered in the secondaiy locki 



Fig. 131. 





(juadrupedf 



been found in tb s 
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The Phascolotherium was allied to the Opossum and 
Kangaroo j and the orga^nic lemaina of the Oolite generally 
resemhle the present fauna and flora of Australia. 

242 The J lanfs of the Oolitit peiiod consist of conifeisa, 
bli cese palms and teins but the Oycadete which were 
intioduoelin •small numbers in the (.aiboniferous period 
are here found dbundint Thej aie inteimediate in char 
actei betw en the Conifeia, palms an! ferns &ome of 
them are shjit stout cjl ndncal icalj stems surmounted 
by a tuft of elegant kayes resembling a pino ippie while 
Fg IS3 




other's have trmis thirty feet iu length. The CjoadeEe 
still grow in tropical regions. Valuable beds of lignite and 
bituminous coal are found in the Oolite, as the Kimmeridge 
coal, Brora eoa) and the yorkahire Oolitic coal, in England ; 
but the most important coal beds of the Secondary Period, 
hitherto discovered, are those of Kichmond, Virginia, which 
cover one hundred and eighty-five square miles, varying 
17 



H,,.l,.d-,y Google 



194 EOOKS OP THE SECONDARY PEElOll. 

ill thickness from eleven to fortj feet. There 

beds exhibiting the same phenomena that a 

the older coal beds. These beds are extensively wrought, 

tlie coa,l yielding abundant pure gaa. The leaves of cyca- 

daous plants are abundant in these beds. 

THE WEALDEN SYSTEM. 

243. Hitherto, with the exception of a very few thin 
strata, the whole series of deposited rooks have been of 
marine origin, as is shown by their mineral conatitutiou and 
organic contents. The "Wealdeo System exhibits clear 
indications of being fresh-water dcposita, containing numer- 
ous remains of laud plants and animals. This fonnatiou 
consists of a, thick series of sandy beds resting on an 
imperfect limestone, and covered by a bed of clay ; the 
whole containing fresh-water shells, land plants, fishes and 
reptiles, which indicate the action of river currents, but not 
the attrition of the ocean upon them. It resembles the 
deltas forming at the moutiis of large rivers at the present 
day. The Wealden appears in England, Scotland, France 
and Germany. The term Wealden is derived from wealds 
or walda, the ancient word for woods ; because these rocks 
foi-m a tract of land occupied by the forests of Kent and 
Sasses, England, The order of the beds as observed in 
Englaod, is 

r Weald Clay, witb etibordlnate limestaiie and 

sand — fosail fi'esli-water sheila, almost eu- 

tirely composing soma beds. 
,,, o llasUngS Sand, including tlia beds of Tilgate 

Wealden Sekie3, Fores^-blnish gray and ferruginous sand- 

] 000 feet tJiiofe. stones, conglomerate, lignll*, fresli-water 

moUusca. 
PurbCCk Strail— compaot limestone alttr- 

nating witli olaj, resting upon the Port- 
ly land beds of tlie Oolite. 
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Section of tlia Ciffilk ana WotlOon, W— WcaHIon. 

The relative positions of tlie Ctialk aod Woalden are 
presented iu Fig. 134, in which the Wealdea iavai'iably 
underlies the Chalk The Oolitic Seiie^i is mide, by sonii, 
wi'itei's, to embrace these rocks, and by otheis they aie 
assigned to the Chalk, but tlieir oiginjo ohiracters espe 
cially entitle tiiem to lank as a difatiuct lystem 

244. While some ot the organic lemams tliat OLOuried 
in the Oolite are found lu tliis foimation, most of tlio 
Wealden fossils are peouli u being almost exclusively fi et.h 
water, or terrestrial m then oiigin The Bumhi,t of specie's 
is not large, but the abunlince of rLmaina it a spcciLS 
surpasses what has hitheito been witnessed '. 
of shelljisli and cntstac-'CTni aie in some of the beds e 
ceedingly abundant, tnd indicate an appusimatioa, 
form, to the animals of those c! laaes now eiiiting Bcetl 
and other insects are often found m these strata 

246. Among vortelwati, animals there ire 
of several speoies of Jisli some ot which ire alhed to the 
lepidotas, bony pike of tlie Niith Americin lakes, but the 
reptiles fuinish the most remarkable fossils in the Wealden. 

To the Plesiosaurus, Megalosaurua and Cetioaaurua found 
in the Oolite, are added five genera of Saurians peculiar to 
the Wealden ; among which ate the Hylsoosaui'us, and 
Iguanodon belonging to the order Dinosauria. 

The S^lieosauma, or Weald Lizard, was a land reptile, 
twenty feet in length, covered with ellipticiil scales. 
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The Ti/iianodon, so called fi'om the resoniWance of its 
teeth to those of the Igiiana, a, lizai'd found in tlio West 
Indies, was an herbivorous reptile, about thirty feet long and 
of coloiiBal propoitions, having a thigh-bone larger than that 
of the Elephant It was furnished with a short Jiorn as 
arc some species of Igu ma. 

The remains of a largo fresh-water turtle and other 
Chelonian animah, and fragments of bones belonging to an 
extinct speoies of wading bird are found in the Wealden, 
but no traces of mammalia have been detected. 

246. The general character of the Wealden vegetation is 
the same as thit of the Oolite, with the iddilion of a few 
peculiar species 

Fig Id5 




in Forest-'ParUiiiid IHiUKd, 



H,,.l,.d-,y Google 



THE CHALK SYSTEM. 197 

Between tlie marine beds of the Oolite and the fresh- 
wa ler deposits of the Wealden intervenea a bed eighteen 
innhea thick, of black vegetable soil, called the "Dirt-bed." 
In it are found numerous trunks and stumps of coniferous 
trees, fossiliaed where they grew, with their roots still im- 
mersed in the ancient soil. Here are distinct intimations 
of elevation of the Portland stone to the surface of the sea 
in which it was deposited, so as to constitute the soil for the 
growth of trees ; the growth of vegetation so as to produce 
eighteen inches of earthy lignite ; the subsequent depres- 
sion so gentle as not to remove the trees from their position ; 
and finally the deposition of fresh-water and marine strata 
over the whole. 

Coal beds from one to three feet thick are found in the 
Wealden of Germany. 

THE CHALK OR CRETACEOUS SYSTEM. 
247. The Cretaceous group is a marine formation com- 
prising limestones, marls, clays and sands, abounding with 
remains of marine origin. The name of the system is 
derived from its leading member. Chalk, (creta.) This for- 
mation is extensively developed in England, Ireland, France, 
Germany, Kusaia, Spain, Italy, Northeastern Africa, India, 
South America and the United States. Its subdivisions in 
England are 

CBBTAOEOCa SYSTEM— OMB THODSAKD £EBT TIIICK. 
r tipper Chalk, soft, white— with flinta. 
Chalk JoKMATios. -| lOWCf Clialk, barri white— few or no flinta 
[ Chalk Mnri— marl witli ailioate of iron. 

Upper Greensand- sand, ohert, ocnro. 

Cault — blue marl with ferrapnous nodules. 
Lower Greensand with oaoasioual limestone. 
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The Greensanch consist tf silieious sand mixed with 
tho silicate of iron — chlorite — whicli gives the green color ; 
the color isJiowever often yellowish, or gray, from admix- 
ture with the oside of iron. These sands alternate with 
beds of clay and limestone, and contain frequently fuller's 
earth and chert. 

GatiU is a proyincial term used in England to designate 
the hriek-clay found in this system. It is a stiff blue clay 
containing iron-pjrites, and in some portions, the gvcen 
silicate of iron. It does not occur in the cretaceous system 
of the United States. 

, The Ohal/c is a familiar, earthy form of the earhonnte 
of lime, sometimes soft, but frequently sufficieiitly solid for 
building purposes. Its stratification is often indistinct, but 
1 (.cognizable by the alternating layers of flint in it. 




The Upper CbLilk is remarkable for its 
of dark colored flints : bnnds from three i 
thickness, and from two lo four ft'et apm 
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haye very often an organic body as a nucleus about which 
they have accumulated, and whose form they have preserved. 
In the Lowei- Chalk the flints are rarely found, but the 
silica is diffused through the mass. The lowest portion is 
largely mixed with clay constituting the chalk marl, which 
sometimeH is green from the presence of the silicate of iron, 
or red from the oxide of iron. 

248. The Chalk fossils are Buraerous, almost exclusively 
marine, and appear to have been deposited in deep water. 

Among the radiated animals, the Bncrinites had dwin- 
dled to a few species of small siae and diminished beauty; 
one form of them in this period was the Marsupite, which 
resembled the lily enorinite deprived of its stem. Sea 
Urchin a — echini — were very abundant, accompanied by 
crabs and lobsters whose organization closely resembled that 
of the members of those tribes of the present day. Bivalve 
and univalve shells are found abundantly. The oephalo- 
podous animals to which the ammonito belongs, exhibited a 
great diversity of fonns; curved in successive whorls like 
the ammonite, but with the whorls slightly remote from 
each other, as the Orioceratite ; hook-shaped, as the Ha- 
mite; or straight like the Orthoceratit«, as the BacuUte 
and Turrilite. 

249. Vast numbers of small animals existed at this 
period living in shells formed of numerous chambers or com- 
partments, belonging to a group which is still common in 
the ocean — the Foraminifera. These animals occupy all the 
chambers of their habitation, and not the outer one only aa 
does the nautilus. Their shells are sometimes flat and disc- 
like, resembling a piece of money : hence we have the JVwm- 
mulite, from numm/us, a piece of money. Pig. 137. Though 
of small size they often constitute almost the entire mass 
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f 11 u Dtain ■Viun It 1 u oat u s 

were iBed m the oonair ot on of the 
Sphinx at d pyramids of Pgjpt 

I J sona als) abounded lu ng the 
deposition of the chalk but tl eir he uty ^ 
and pcifeet state of p eae vi on 

flints can he discerned only by tl e 

[owcrfil microaeopes a large ]ioprton of t!ie halk 
jta-'lf appear t b in d p of the f agnie tary k e oua 
of these mm te n m 1 The 1 apes of tt II ns f 
the&e animal la s; some consist of parallel 

tuoes arrang I t n rs ly upon long fragile ribands; 





1 oblong, or globular, with their surfi 
w th h Ik pp nd g wli I th s still are in ramose 
^ p Ik p Ijp M y fl nt diles are almost en- 
t ly p 1 f th 1 11 tons of these infini- 

t m 1 t f I 1 f F 1 ) presents one of the 
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jO Of th rt I t 11 s, the chalk dep s ts in 
elude aomo sauroid fishes, among which tba Macropoma, a 
voracious fish about two feet long, has been found so weL 
preserved that its gills and entire stomaoh with its con- 
tents ore pi-esented ia inspection. The teeth and bony 
spines of sharks are abundant, and the other two orders of 
fishes — th8 ctenoids and cycloids — which so gieatly pra- 
* Muntell's Wonders of Geology, 1. V- 5C5. 
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flint, in chalk and sandstones. Carbonized sea,-weedBj dril^- 
wood, and beds of lignite occur in the chiik group of rocks. 
252. The origin of chalk, so different in its texture and 
appearance from the other limestones, with its included 
flints, has been the subject of much discussion. It has been 
supposed by some to be a chemical precipitate : " but thero 
appears no evidence," siiys Mr. Brando, "of its having 
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been deposited fioin chemical s lutioD on the other hand, 
jt bears marKs of a mechanical deposit as jf from water 
loaded w th it in fine diMsion And upon this principle 
some gl im f light may ppiliaps be thiowu upon the enig- 
matical appeaianco of the flints foi it is found that if 
hnely divided silica bi- min,d with other earthy bodies, and 
the whole diffused through w-iter the gnins of silica have, 
under certain cireum^taneea a feiiiency to aggregate into 
small nodules , und in chalk some grains of silica are dis- 
i.OYcrable The dmts occur id nodular masst.3 of irregular 
forms vaijing troiu less than an intli to more than a yard 
in ciicumferenco they aie qu te insulated fiom each other, 
eacii ono being entirely en\el ped by the oh ilk. As they 
almost invarnbly include somi> oigann, body, they appear 
to be s hcious aggiegations about nuclei as septaria are 
aggicgations of calcueous and argillaceous m itter. It haa 
bofoie been shown (5 08 ) thxt silita la soluble in water, aa 
it oecuis in the G-eysera of Icelaid Tho chalk resemblea 
the calcireous mud that accumulates in the hgooaa of coral 
islets, produced by the ocean neaiing corals and shells to a 
fine powder. (§ 79.) 

253. The igneous rooks associated with the chalk and 
other members of the Seeondai-y series, are basalt and other 
forms of trap. The basalt of the Giant's Causeway breaks 
tirough and overlies the chalk in tko north of Ireland, the 
heat of the igneous- rock having rendered the chalk hard 
and crystalline like primary marble. 
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KOCKS OF THB TERTIARY PERIOD. 

254. The Tertiary embraces the strata of sand, clay, 
and limestone, wliich lie between tlie chalk and the superfi- 
cial depoaita designated Drift and Alluvium, with whieh 
tliey were confounded previous to the iubors of Ouvior and 
Brogniart in A. D. 1810. Thej differ from the Secondary 
rocks in mineral constitution and especially in their organic 
contents; but are not very distinctly bounded at their upper 
limit, frequently merging in the recent deposits. In gen- 
eral they are not so firmly aggregated nor so thick aa the 
Secondwy i-ocka, aod arc remarkable for exhibiting frequent 
alternationa of marine and fre'h-water formations in the 
sime localities These btls veiy frequently occui in limi- 
ted and detached baaina, aa if depoiiled in shallow lakes or 
estuiiies, they aie howtvci often tontinuous over very 
estensive tiacts of couatiy as trom Maithaii Vineyard 
southward along the whole extent of the Atlantic coast of 
the Unifed State" The ord<,r of sticcp»:ai n of stiata is not 
so nnifoim -ta in the older roi,ks, and hence aiises the 
diffi-culfy of framing t deiciiption that will applj to them 
in all localitiea Their altematiin? have, htnever, been 
accurdtely ascertained, especially in the Pans and London 
baina 

255 The sands and cla^s piedommate in the Tertiary 
seiies, then u)lors aie \arious, depending principally upon 
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the colored compounds of iron, and thoy are not sufficiently 
indurated to form firm sandstones and sliales. Tlie calcare- 
ous strata ai'o more varied in structure aud appearance, con- 
wsting of soft marls filled with shells — of roiigii masses of 
coral — of fresh-water bods of hard limestone — and of ma- 
rine, limes tone of coarse sandy texture. They also contain 
beds of silica, buhrstone, gypsum, and rook salt. 

256. The Tertiai'y strata occupy a large portion of the 
surface of Europe, conforming in a remarkable degi-ee to 
the present outline of the sea; so that if the continent 
were depressed a few hundred feet, the sea would cover 
them, indicating that no csaantial change lias occurred in 
the figure of the land since that period. The Tertiary series 
has been recognized also, in Northern Africa, in Asia, in 
North America, and in South America on both sides of the 
Andes. 

257- These rocks were, at first, classified in accordance 
wfhth Itet m dfhwtdp «ts ; 

h t th ae It t ir f d t t b f The 

clas fi t g lly 1 pt d 13 th t f UU Ly U and 
Shy bas dp th It PP'' fh!l ape- 
c Q lly d t cal th tl g t th p t lime 

Sh 11 I t d fh t b th y gen- 

e lly d f ly 1 ff 1 t t Ih I s of 

any tl 1 f ml 

EoCKSE, (fiw, iio dawn; and kaaias, I'eoent,) the rKwn of tho 
present period with its races of plants and a nmis 
contains less tlian five pec cent, of Uv nj, spec e in 
its fossil 00 11 tents. 
MaiOOENE, (Mam, less; iaiiuis, recent,) though onta g 
more living species than tlie Eocene, tl ey a e si il 
less than lialf ; its per ceutage of recent spec ea i» 

18 
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PlEiocENE, (Pliion, more; kainos, recent,) a majority of -wlioae 
fossils belong to esiating spacics. 
Pleistocene, (Pfeatos, moat; Minos, recent,) o still nearer ap- 
prasimiiijon to the present period, liaiing ninetj-Sve 
pur cent, of recent shells. 

THE EOCENE OR OLDER TERTIARY. 

258. The Eocene deposits are the most distinct of t!ie 
series, and occur well developed in Franco and England. 
They, however, vary much in local character. The heda 
of the Paris and London hasins are of the same age, but 
differ gteatlj in mineral constitution; in the London group 
those of a mechanical origin — sands and clays almost ex- 
clusively prevail ; while heds of liinestonc, silica, and gyp- 
sum abound in the Paris basin. 

The following tabular arrangement exhibits the order 
of the beds in the two basins : 



Upper Fresh-icater g; 
sands, shelly lim 



Vj^pcr Marine — sands and marls 
with tliia layers of lime- 

Lower Fi -ish'tiiater—iantls, aili- 
ciong limestonea, gypsum with 
ntimeroua bones of animals. 

Joirej' Marint coarse sandy 

limestone ( cakaire grosaier ) 
calcareous marls and green 

I'iaslic Clot/ — blue plastic elay, 
sand and pebbles, beds of lig- 



Bagahoi Sand — sand containing 
few foEsila. 

London Clay — clay, Jilookish or 
gray, contaming septsria and 
fen-uginons nodules, with nu- 
merous oi'gauic remaius. 

PloiUc Clay and Sands — sands 
and sandy clay, with sliclls; 
beds of lignite, flint pebbles. 
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S represents the London Clay ; E the plastic ciay ; D the 
Chalk; c the Wealden; b the Oolite; the Bagshot sand 
caps and overlies tlio Loudon Clay. The position of the 
City of London is indicated by the building. 

259. There are numei-ous other localities of the Eocene 
Tertiary, as in Southern France, Spain, Belgium, Italy, 
Greece, Asia Minor, Egypt, India and North and South 
America. 

260. The fossils of this group are very numerous and 
important, indicating the condition of the earth at the time 
of their deposition. The general character of the flora and 
fauna was tike that within the tropics of the present day. 
The species are with very few exceptions extinct, and seem 
to have been almost exclusively confined to this formation. 
More than a hundred species of plants have been dis- 
tinguished, many of which are dicotyledonous, and resem- 
ble intertropical plants of the present day j a great number 
of their seeds and fruits have been found ia the London 
clay beds of the Isle of Sheppey. Various fossil resins have 
been diaoovered in these beds, the most important of which 
is amher, occurring in nodules from the size of a nut to 
that of a man's he:id ; one specimen weighs 18 lbs. Speci- 
mens frequently conta.in insects whose positions and de- 
tached legs and wings iadioat* that they struggled after 
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thoy were involved in the resin wLich wiS at that time 

261. A largo number of sliells, both univalve and 
bivalve, occur in the Eocene ; the nautilua was retaiaod, but 
the ammonites and beleinnites had become extinct. More 
than two hundred speciea of Gerifhium, (an elongated shell 
resembling Fig. 142) living in brackish water, are found in 
the European Eocene ; and the nmnmvlites, Fig. 137, are so 
abundant in some localities as to make up il- j, ^^^ 
most the entire mass of rock. The remains '" 
crabi are abundant in these deposits. About 
one hundred species of Jish have been recog 
nizod. Their remains at liloate Bolca in Noi lb 
era Italy, and at Mount Lebanon are very numcr 
ous; the immense quantities which have be i.n 
found in a beautiful state of preservation at llio 
former locality, have been tlionghc to indicate 
that the limestone in which they ai'e imbedded w 
into the ocean in a fluid state, by volcanic action, suddenly 
suffocating and enveloping them in the calcareous mass. 
The xpe-oies of fish found in the Eocene are all extinct, and one 
third of them belong to extinct genfra ; but many of tiiem 
are clc^ely allied to esistiog species The ganoid and placoid 
Pig. 143. orders, chirarterized by their 

ivtiing of pointed bony 
a plites and enamelled scales, 

»«3^/ ,JJ^,;^_^ »lll^Il *•»»"« Iteolfa 

^ol-^ rocks, had become relatively 

piK a ScoiM rare ; the placoids, however, 

had lepieseiitativ s in the sharks and rays, whose teeth 

r f u» 1 n ! r 1 1 Tl e ctenoids and cycloids, 

wl 1 hid b it] 1 J I't before the close of the 
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secondary period, now pro- Fig. Hi. 

liomicated. Tbo cfcnoid 
order is cliaractcrized by 
BCtttoa having the posterior 
mtirgina finely pectinated 
— divided into little teeth 
lite a comb ; these scales are imbricated, eaoli lamina being 
smaller than the one heacath it, and pectinated as repre- 
sented in Pig. 144. This order is repi-osented by the perch 
family. The cycloid order is characterized by circular im- 
bricate sojles with smooth margins, of which the mackerel 
furnishes an example. More than three-fourths of the 
species of fishes now living belong to tlie ctenoid and cy- 
cloid ordois. 

262. The reptiles, like the fishes, shells and plants of 
this period, resemble those QOw living in warm insukr cli- 
mates J they include crocodiles, turtles, tortoises, and ser- 
pents similar to the boa-eon&trictor attaining sometimes the 
length of twenty feet. Several species of hii-ds have been 
obtained from the Eocene resembling the pelican, buzzard, 
owl, woodcock, quail, &c. 

263. The number and peculiar features of the land 
qtiadrupeds, found in the gypseous deposits of the Pans 
basin attracted the attention of Cuvier, whose accurate de- 
scriptions of extinct forms have given great importance to 
palfeontology. These quadrupeds belongcrl principally to 
the order pacht/dennata, or thick skinned animals, repre- 
sented by the elephant and horse of the present period. 
The Eocene quadrupeds which have attr.icted most atten- 
tion beluag to the genera PaUeaffiarlum and Ai'oplofJie- 
riiim,. This period has been designated {^e age of muiM- 
mu/s. (§ 132.) 

18* 
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264. The paleeothcrivm (palaios, ancient; therion, wild 
beast,) resembled generally the tapir of the present day, 
having a short fleshy proboscis; in some of ita zoologi- 
cal characteis it was like the rhinoceros. Its feet were 
divided into three toes, iDstead of four, as in the tapir. 
The skeletons of the palseotheria are found so abundant and 
well preserved in the Tertiary rocks as to leave no doubt 
respecting their zoological characters. Twelve species have 
been found, varying in size from that of the rhinoceros to 
that of the hog. 'ihe largest figure in cut 145 represents 
this 




The Lopliwdon was a gtnus sfiU mtre closely illiel to 
the tapir; only imperfect fiagments (f its stckton hive 
been obtained, indicating Jiowever, that some of its species 
attained the size of the ihinoccios 

265. The name of the AnophlJ '■i mm (a without, 
ophn, weapon; therion^ will bei^t) defenceless animal, is 
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derived from its destitution of tuaks or eaiiiae t«eth longer 
than the inoisoi'S, ia which respect it differs from, all mam- 
niiferous unimals except man; its feet termluutedin imotae?, 
and it hud no pruboscis. The genus embraces Beverat groups, 
one species of which resembled the otter, but was much 
larger ; its peculiarity was the great length of its tail, which 
Eurpassed that of the body; no animal of the present day 
except the kangaroo has so long and powerful a tail. A 
species of another group resembled the hare in dimensions 
and in the proportions of its limbs. But the most charac- 
teristic species is the Anoplotherium Graci/e, called aUo 
Xiphodon, whose graceful and elegant form resembled thi t 
Fig, 146. 




Anoptotherinm Qsb^\e-^(^2^phQdtm.) 

of the gazelle ; it was closely allied in zoological charac- 
ters to the ruminating animals, (the deer tribe.) The 
true ruminants, however, as the camel, os, sheep, goat and 
deer wore absent at this period 
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Fifty-seven species ot mammilla lia^o been recogQiaed 
in the Eocene, including a numbei ot cainnoroua (loadru- 
peda, as tlie wolf, fox and laccoon The opossum, bat and 
monkey are also found in tlii- loeks ol tkia period ; the 
remiuns of the monkey, macanu, wtseuus, ocmn, m nhei oi 
sand underlying the Loudon city, in Enghnd 

266. The foasil insettb found m the locks of this period 
present remarkable instances of the preseivation of the most 
delicate objects ; the nervea of the wings, the pubescence of 
the head, and some traces of the coloring ai'e visible. The 
Tvings of the beetlea are found in some cases extended be- 
yond the iving-covers, indicating that the insect fell into 
water while flying. Seventy genera have been found at 
Aix, in Provence, including some species identical with 
those iahy,biting that locality at the present time. 
Fig. 147. 

I'OSSIL INSECTS. 




237. T!ie Eocene of North AmeiKi i'. fmind in Vir- 
ginia, Carolina and Georgia, and cnnsj-Jt? ot bidi ot marl, 
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]imeslxme, sands and clajs ; about six per cent, of its fossils 
are identical with the European ilocena fossils, but about 
one-fourth arc very cloaclj allied to tbetc. Tiie Eocene 
deposits of South Amevica indicate a great difference in 
fossil contents on opposite sides of the Audos. 

TIIE MEIOOENE PERIOD. 

268. The Meiocene, called also tbe Middle Tertiary, is 
imperfectly represented on the east coast of England by the 
" Coralline Crag " formation, consisting of marine oalcare- 
ous Bands, thin limestones and marls; but in central and 
eastern Europe it is developed in strata of great thickness 
and est«nt. It occupies the great valleys of the Loire and 
Garonne in France; large portions of Switzerland; the 
valley of the Danube, including the Vit-una basin, with the 
plains of Hungary and Poland, the valley of the Rlime 
and the western coast of Spain Tbo ^trita i,onsist of 
quai'tzose sandstone, Bomctinics soft and incoherent, called 
in Switzerland the Molassa, shclJy limestones and marls, 
with bods of lignite, and thick masses ot cornls. They are 
of both marine and fresh-water origin. The Meiooene beds 
have also been investigated in the southeastern States of 
the United States. Tertiary deposits on the flanks of the 
Sewalik bills in Northern India, and in Siam are referred 
to this period. 

269. Extensive beds of lignite indicate a vigorous 
growth of plants; among them the palm is recoguized, 
having grown in Central Europe contemporaneously with 
trees scarcely distinguisliable from those still growing there. 
Among animal remains those of zoophytes were very abun- 
dant, making up entire masses of tlio coral crag, and bo- 
longing mostly to extinct species. Great numbers of shells, 
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marine and fluviatile are found; many of the 
to the genera Limnea and Planijrhu, and are 
those of tlie present day. The paljeoatol- 
ogy of this period combines the more an- 
cient characters of the Eocene with the 
present botanical and zoological features of 
the same localities. The valley of the Rhine 
(ishibits the moat remarkable fossils of this 
period hitkerto discovered, Nnmerous tur- 
tles and fishes presenting marked peculiarities of sti-uctuiu 
have been obtained there. Fig. 149 eshibita an interesting 
specimen three feet in length, from Oeningen near Lake 
Constance. This locality furnished also the celebrated 
relic, a gigantic, extinct, ai^uatic salamander, which Schewcii- 
aer in 1726 mistook for the skeleton of a man. 
Fig. 149. 





270. The moat remarkable quadruped of this period ia 
the Dinotherium, (deinos, fearfully large; therion, beast,) 
whose remains are found in the valley of the Rhino near 
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Darmstadt, and in the valleys of the Jura Mouutaics. " Its 

length was nearly twenty feet; its body Luge and barrel 

shaped, very mueh reaembliDg tliat of the hippopotamus, 

Fig. 150. 




being little raised above the ground, although the huge col- 
umns which formed its legs are supposed to hive been 
nearly ten feet in length. Its head, rarely, perhaps, biought 
entirely above the water, was like that of a large elephant, 
and it was provided with a short, but very muscular and 
powerful proboscis. A pair of large and long tusks were 
appended to this skull, and curve downward, aa in the wal- 
rus. Tie tusks do not proceed from the upper jaw, whence 
they could be made to depend entirely upon the houes of 
the neck to support them, but are fixed in the lower jaw, 
and are planted, as it would seem, in this strange position at 
the greatest possible mechanical disadvantage. There can 
scarcely be a doubt that an animal provided with appenda- 
ges so placed, was an inhabitant of the water; and the 
tusks, which are very large, were probably useful as pick- 
axes, enabling the monster to dig for succulent vegetable 
food by day, while, perhaps, at night they could bo attached 
like anchors to the banks of the river or lake in which the 
animal habitually dwelt. It was the moat gigantic of the 
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herbivorous quadrupeds, and was a 
tlieres of the more ancient Terti 7 p 
mastodons and elephants which li 1 
cent date."* 

271. The Tertiary deposits up 
Himalayas or Scwalik hills in Ind 
iag fossils, including the monkey 
mastodon, rhinoceros, hippopotami 
and many others resembling the 
same name. The most singular 
that locality is the S'lvatlieriuni, 
god Siva, and thcrion, beast. Its s 
noceroa. Its head was large and sh p d 1 k th 1 ph t , 
and was furnished with a small proboscis. It had two pairs 
of horns ; one pair, like those of the ox in shape, were situ- 
ated over the eyee, and the other pair palmated, like those 
of the elk, were placed on the back pai-t of the head. The 
stiucture of the animal shows it to liavo been intermediate 
between the pachydennata and ruminantia, 

Xiie Toxodon, (foxon, a bow ; odous, a tooth,) a large 
quadi-uped distinguished for the singular shape and ai'range- 
ment of its gnawing teeth j and tho Macrauchenia (mahros, 
long; aiichen, neck,) a paohyderraatous animal whose neck 
was nearly as long as that of the giraffe, have been found 
in the Tertiary of South America. 

THE PLEIOCBNB PERIOD. 

272. The only representative of the Pleioccne or Newer 

Tertiary in England is the Hed Graff, consisting of ferru- 

ginoiis-colored sand and gravel, with few zoophytes, but 

abounding in marine fossil shells, many of whieli are ideu- 

* Acsted's Auclent Woild, p. 2S2. 
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Sioal wil.Ii living apseies. On tlie Continent of Europe tlie 
extensive lie.ds on both sides of the Apennine Mouiituinfl, 
palW the Siib-ApenEine deposits, are 2000 feet tbiuk, 
f-ous-iitiiig of o.'ilcaroous marls iind sands, and are esti'eiiiely 
fossil iferous. Some of the deposits in Sicily, Greece and 
Asia Jlinor belong to this period. The Pleioeene strata 
cover also extensive regions in southern Russia, central and 
southi?ru Asia, and America. 

273. Remarkable beds of lignite or hrown coal, belong- 
ing to Ihis period, found in Germany, csbibit a great mass 
of vegetable matter. These lignites lie between beds of 
clay and sand, and consist of solid wood, blackened, but in 
many instances so slightly changed as to admit of being 
used as limber ; they are similar to the trees now growing in 
their viciuily. A thin leafy bituminous lignite is called 
paper coal. The remains of fishes, frogs, insects and quad- 
iiipeda are found in these deposits. 

THE PLEISTOCENE PERIOD. 

274. Tiie I'leislocme embraces the deposits of fossilif- 
erons sands, marls and gravels, containing fossils which 
belong almost entirely to living species. They are exten* 
sive in the Southern piirts of Europe, Asia and America, 
By some writers on Geology they are made to include the 
drift, while others apply the term to beds of clay, sand and 
marl deposited subsequent to the drift and previous t« the 
Alluvia!. T\'bcro the drift does not occur, as in (he south- 
cm parts of Europe and North America, the Pleistocene 
beds present an uninterrupted series from the Pleiocejte to 
frhe Alluvial. 

275. The deposits which are spread over those vast 
plains in South America, called Pampas, are assigned to 

19 
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tho latter portion of the Tertiary period. Thej' inoluJe 
a remarkable group of animals, belonging to the oi'der 
Edentata, of which the sloth, the armadillo and the ant- 
eater are representatives in the fauna of tlie present day. 
The Megalkeriwm {mega, great; thcrion, beast,J was a 
gigantic quadruped exhibiting some very striking resem- 
Fig. 151. 




The Mcgiitbcrh.m. 

blances to the sloth. Its length ia eighteen feet, its breadth 
across the loins six feet, while its height w;is nine feet. 
Ita proportions were singularly massive, its pelvis and hind 
estremities being three times as large aa those of the ele- 
phant. The fore legs were long, resembling in structure those 
of the sloth. The fore foot was a yard long, twelve inches 
broad, five-toed, and armed with long and powerful claws. 
This animal is taken as the type of the Mcgatheroid group. 
276. The M^hdon (mide, a mill; od(yas, a tooth,) an 
dlicd genus found in the same locality, in some respects 
more closely resembles the sloth. Prof. Owen has given a 
full description of a perfect skeleton of this animal ob- 
tained from Buenos Ajres, and dedneed its relations and 
habits. The length of the skeleton is eleven feet, inolii- 
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diug the tail. Its teetli sliow thiit it was a vegetable eater ; 
it probably lived, as do tbe sloths of the present day, on 
leaves and buds of treea. 

Tig. 162. 




Mylodon BobuBtuB 

277. The Megaloni/x {megaie great, omx chw ) re- 
sembled the myjodon io its size and proportions, it differed 
in ita claws, and in greater freedom of motion in its foro 

The &e/i'ifc(7iffr!«m (3cc7t(fos, tbe thigh; /Aert'oit, beast,; 
though allied to the megatherium, resembled the ant-eater 
and armadillo. In ils hinder extremities and tail, the 
ttrength was greater in proportion than in any known ani- 
mal, living or estinct; while the length of the animal was 
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not greater tlian that of a Newfoundland dog, and its fore 
limbs no larger, its hind extremities were aa ponderous a? 
those of the hippopotamus,* 

278. Associated with the mogatheroid animals of this 
period was a colossal armadillo, called the Olyjptodon (^yhip- 
to3, sculptured ; odous, tooth,) from its teeth being sculp- 
tured laterally with wide, deep grooves. Like the armadilb 
Fig. 153. 



.?» 



-=^^~ 



it was covered with a erust or shel!, composed of polygonal 
pieces accurately fitting each other, constituting a massive 
armour. The structure of its hind foot is very peculiar, 
presenting a frame work unparalleled in its adaptation to 
support a greit weight, and at the same time allow such free 
motion m the fore limhs aa the habits of the armadillo re- 
quiio St.\eral species of the genus glyptodon have been 
determmod The remwns of the mastodon have been 
found in the same localities with the megatheroid animals. 

« Acsted'9 Ancient World, p. 34S 
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270. Zgneints rooks are found abundantly in connexion 
with the Tertiary series ; tiiey are lavas of extinct volcanoes, 
and arc intermediate in cbaraoter between the traps of the 
secondary period uad tbe products of oetivo volcanoes. In 
composition tbcy are pnuoipally trachytio, but sometimes 
BCOriaoeous, or tufaceous. Oue of tlie most remarkable 
localities of Tertiary volcanoes is an ostensive plivin fh 
Auvergne, central Prance, which supports a series of seventy 
volcanic cones, varying from, five hundred to a thousand foot 
in height, forming a range about twenty miles long and two 
broad. Many of these cones retain well defined craters 
several hundred feet deep, and their lava beds can be traced 
as easily as those of Vesuvius. " There is no spot," says 
Mr. Scrope, " even among the Phlegraean fields of Italy, 
which more strikingly displays the cbaractei-S of volcanic 
desolation. Although the cones are partially covered with 
wood and herbage, yet the sides of many arc still naked; 
and the interior of their broken craters, rugged, black and 
scorified, aa well as the rocky floods of lava with which they 
have loaded the plain, have a fi-eshness of aspect, such as 
the products of fire alone couJd have so long preserved, and 
offer a striking picture of the operation of this element in 
all its most terrible energy." These volcanic venta are of 
different ages ; some of them are manifestly of compara- 
tively recent origin. 

280 Another interesting group of Tertiary volcanoes is 
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but belong to the Silurian formation. Similar oTidences of 
volcanic agency during the Tertiary period are found in 
Catalonia in Spain, Hungary, Asia Minor in the " burnt 
district," and in PuleBtine. The soil in the vicinity of these 
volcanoes, composed in part of their lavas, is exceedingly 
fertile. 
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KOCKS OF THE QUATERNARY PERIOD. 

281 The Quaternary series embraces tiie heterogeneous 
musses of tho Drift and all subsequent deposits up to the 
present pt.riod English geologists generally discard this 
division, and extend the Tertiary over this aeries. 

THE DRIFT PERIOD. 
282. The Drift includes aocumulationa of sand, 
gravel, clay, pebbles and boulders, or erratic blocks ; the 
boulders are fragments of the hard crystalline rocks, usually 
water-worn, rouuded, and scratched, or grooved. The term 
Diluvium has been applied to this deposit; drift indicates 
that the inateriuls have been impelled by currents. 

283. The drift is not universally diffused, but appears 
to be confined within 40° or 50° from the poles. In Asia 
it is rarely found lower than 60° north latitude ; in Europe 
it descends to the southera parts of Poland and Prussia ; 
and in North America it is fouod as low as 40", and some 
of the north and south valleys extend it a little further 
southward. Its southern limit in the United States is a 
line drawn from Long Island through central Pennsylvania 
fco the Ohio, with occasional outliers in the valleys of the 
Delaware, Susquehanna and Mississippi. It is found also 
in the southern portions of South America, but not within 
the tropics. It occurs at elevations above the present sea 
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le\el virying from throe hundred to five tliousand feet 
Thp gcaenl d ifclton of the duft m North Aneii^a h\B 
bcoa fiom noith to south and occasiuu ally ^outheist, while 
in Europe it nppeaio to hive been di6pf,rsed in vinous 
dire:,ticns fiom the Se^ndmavian Mcuntains Biuldera 
hwe been tiaaifported in some instances hundii-ds it miles, 
the laigest of them hn\e howevei, usually bcea deposited 
within aftw units of the kdgesfiom which they weie torn 
They diminish in sise and number as the distance from 
their original position inei-oasea. Boulders of considerable 
size are fieqttently found in Northern Ohio, but are few and 
small in the central and southern parts of the State. They 
can bo identified with the rooks of the parent ledges by 
their general constitution and by particular minerals con- 
tained in them, 

284. Boulders vary greatly in size; some of them 
weigh thousands of tons. A conglomerate boulder at Fall 
Eiver, President Hitebcock states, weighs ten million eight 
hundred thousand pounds ; a granite boulder near Neufolia- 
tel weighs three million eight hundred and fifty thousand 
pounds; and tho boulder from which the pedestal of the 
statue of Peter the Great was hewn, weighed one thousand 
five hundred tons. Some boulders are so poised upon hard 
surfaces, as to oscillate by the application of a moderate 
force to them, and are then called rockiiig stones; others 
are firmly posited in such a manner as to have given rise 
to the conjecture that they are artificial structures. An 
example of this occurs in the State of New York, and is 
represented in Pig. 15-i. A boulder of felspathic granite 
weighing about fifty tons, rests at the height of three or 
four feet above the ground, upon limestone pillars. They 
arc sometimes poised on the summits of mountains; others 
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have been carried over iiinuntam ridges, though, they are 
usually found accuQiulated in larger numbers ou the north 
aidee or mountains. 

Piij. 154. 




Granite B ulder on L mfslon" PiUara 

285. The transport of tht drift hii produced very con 
Bpicuous effects upon the surfice of the larth icratthing 
grooving, in 1 pohabing the rock"! The scratches and 
grooves are paralkl resembling thos" produced hy ghciera 
described in § 32 The\ vary fiom a 1 action of an inch 
to move than a foot in depth and width Sometimes two 
or more sets of stii'o crDss each other at i small inglo 
These strns haie heun found on the "White Mountains five 
thousand fi,et above the oeem le^el Prot Locte givi,s an 
example of these grooves on the limestone near Dajton, 
Uliio. " The juam hag been stiipptd of soil mnri- or less 
over ten acie*; and th upp r hv"i of st n i in moit 
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places oorapletelj ground down to a plane, as perfectly as 
it oould Lave been done by :i stone cuttur, by rubbing one 
slab on another with sand between tbeiu. In niuny places, 
in addition to tlie pianisiiiiig, grooves and sera-tches iu par- 
allel straight lines, erideutly formed by the prngveas of 
aouie heavy mass, propelled by a regular and uniform mo- 
tion, are distinctly visible. Tba grooves, are, iu widtb, 
fi'om lines scarcely visible, to those three-fourtbs of au inch 
wide, and from oue-fortieth to one-eighth of an inch deep, 
traversing the rock in a dii'cction south 26° east, in lines 
exactly straight and pai'ailel."* 

It is probable that a very large pottjon of the earth's 
surface was affected in this way, as fiir as the drift extended, 
since the reuiovaj of clay and other substances which cover 
the rocks discovers the strite ; rocks that suffer disintegra- 
tion by atmospheric agency, as limestones, which are par- 
tially dissolved by water holding eaibonio acid in soiutior., 
do not retain their grooves. The direction of the strice 
coincides with that of the dispersed drift, and is often mod- 
ified by the features of the surface ; as when it ia diverted 
from the general direction into a valley. Some seta of 
strife appear to have been nearly obliterated by others pass- 

286. The northern and northwestern sides of the ledges 
of rooks are more worn by the drift agency, and the hills 
ore elongated in this direction, corresponding in appearance 
with those denominated by European writers roehea tnou- 
tonnees. President Hitchcock has obsen^ed very numerous 
angular fragments of rocks ranged in long narrow lines, ex- 
tending from the ledges in the same direction with the 
drift, and overlying that deposit, which he denoraiuates 
* Ohio Geologinttl Survey, p. 230. 
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'ilreams 0/ stones. Tlia Bama geologist adduces as iastincea 
illustrative of the prodigious violence of tlio drift agency, 
the fracturo and overturning of perpendicular strata of 
slate rooks near the summits of liilb. As the materials 
of tlie drift are generally supposed to have heen transported 
by the agency of ice, these deposits are called glacial beds ; 
they have very few, if any fossils. 

287. Overlying the houlder formation occur heds of 
blue and yellow olay, sand and marl ; these are raost abun- 
dant in hikca, ponds, and river valleys. They sometimes 
appear to be caused by a new arrangement or assorting of 
the materials of the drift, prodnoing an inter-stratification 
of sands, clays, and gravel, and arc called altered drift. 
This appears to have been aecomplislied beneath the ocean 
which prevailed over the drift region. 



Fig. 155. 




[^rikUvl Ei>ada bn 



288. The origin of marine ten-aces has been nssigucd 
to the agency of the ocean exerted at this period. Fig. 
155 presents a view in the valley of G-len Roy in Scotland, 
in which two parallel shelves or terraces, level :ind contin- 



H,,.i,.d-,y Google 



228 ROCKS 07 THE QV. 

uoua through the whole glen, are seen. They vary la 
width from ten to sixty feet and aro covered with hoi'Iders. 
The highest on th nd tw h ! d dfifyf t 

fiboTG the pre 1 1 1 f th 1 th th t 

hundred feet 1 w Th t t t fi 1 d p t 

they ore oscr bdtth tnfwt tdgttht 
leTel, either ii 1 k th S m 1 h 1 t th 

elevations are f d q th 11 y f S tla d n Sw 

den, and in N tl Am S ea p nt m I 

phenomena ; th y u 11 f n d t t 

where the rir il w th 1 ft w! h t uts t 

channel, rem tl m te 1 t 1 w 1 ) Th 

Budden remov Ifbtalg t nwtera 

These are rep nt d n T g 155 An nt 1 1 h 
also been redu dby tg dfmdbd 

level terraces. 

289. Van u b d f nd nl 1 tt d 

the valleys and pi U d ss /■ b th y 

contain bones f tl 1 pi nt 1 pp p t b d 

horse and oth m 1 wh h d t w h b t tl 

gions where th th b n f th 1 ph nt 

and rhinoccro f nd n Engl d d S i wh 

they have not b X wn t w th th 1 p 

riod. These b n p 11 p fl d by th Its f 

lime and iron h d nd 1 th n b d S 

but still prea tl b y t t ^I y f th 

ossiferous dep t, 1 1 h g b p d d by the 
action of river dhhllgpflk bt m f 
them appear tbed tn stn gn 

290.' Num h b n f i E p 

America and A t 1 1 p t f 1 

eilt and small b uld Ih t 1 p b 1 ly 



H,,.l,.d-,y Google 



THE DRIFT PEKIOD. 

introduced during diiFerent periods; but tlic ani 
iiicludud in tbeui iudicate tlie drift period as tlio one during 
wbieh the largest portion of the deposits aocuinulated. 
Tbe bones, whicli are perfeotlv preserved in many instances 
in calcareous incrustations, ore chiefly tUosc of races of 
bears and hysenas wliicli iubabited the caves, togetlier witla 
the remnants of t!ieir prey, and occasional fi-agnients of 
the elephant and rhinoceros. The remains of man, and of 
animals still living in the vicinity are sometimes found in 
ttem. The most remarkable caveras, on account of their 
organic contents, are Kirltdato Cave near York in England, 
and the Cavo of GtMleni-euth in Germany. 

291. The Kirkdale Cave, wliicb Dr. Buckland baa 
very accurately described in bis " E«lic[uire Diluvianse," is 
situated about twenly-fivc miles uortbeast of York, above 
the northern edge of the great vale of Pickering, and 
thirty feet above its waters. Its floor is level and nearly 
conformable to the plane of stratification of the eoralliuo 
oolite in which it occurs. In some parls the cave is three 
or four feet Jiigh, and roofed, as well as floored, bj the level 
beds of this roekj in other parts its height was augmented 
by open fissures, which communicate through the I'ooF, and 
allow a num to stand erect. The breadth varies from four or 
■ five feet to a mere passage ; at the outlet or mouth against 
the valley was a wide expansion or ante-chamber, in which 
a lai'ge proportion of the greater bones, as of the ox, rhi- 
noceros, &o., were found. This mouth was choked with 
stones, bones and earth, so that the cave was discovered by 
opening upon its side in a stone quarry. On entering the 
cave, (be roof and sides were found incrusted with stalae- 
tites, and a general sheet of stalagmite, rising Jrrcgulaily 
into bosses, lay beneath the feet. This being broken 
20 
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throiigii, yeliowiaii mud \va,S fouud siliout a foot in thiclt- 
ness, fine and ioamj toward tlie ofieniag, coarser and more 
Bandj ill tlic interior. In this ioam cliiofly, ut all dopllia, 
from the surface iJown to tho rock, ia the midst of tlie 
stalagniitic upper crust, and as Dr. liuckland expresses it, 
" sticking tlirougli it like the legs of pigeous through a 
piecrust," lay multitudes of boaes of the fuUowiug ani- 
mals: 

Carnivora — hyaena, tiger, boar, wolf, fos, weasel. 

Pachydermata — elephant, rhinooei-os, iiippopotamua, 
horse. 

RuminarUia — os, thrco species of stag. 

Rodentia — hare, rabbit, water-rat, mouse. 

Birth — raven, pigeon, lark, duck, anipo. 

The hjasna's bones and teeth were very 
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2D2. Tlie mnst i-emarkiible ossiferous cavern of G-er- 
maiiy is lliat of (J-aiienreuth, whicli !ies upon tiie left hank 
of the Wiesent-.. The entrance, which is about eoven feet 
high, is ill the face of a perpendicular took, anJ loads to a 
series of chambers from fifteeu to twenty faet high and 
several hundred feet in extent, terminated by a deep chasm, 
which, however, has not escaped the ravages of visitors. 
This cavern is perfectly dark, and the icicles, or pillars of 
stalactite, reflected by the torches which it is necessary to 
use, pi-eseut a highly piof.nresque and striking effect. The 
floor is literally paved with bones and fossil teeth ; and the 
pillars of stalactite also contain osseous remains. Loose 
animal earth, abounding in bones, forms in somo parts a 
layer ten feet in thickness. A graphic description of this 
cave was published by M. Esper, more than aisty years 
ago ; at that period somo of the innermost recesses contained 
wagon loads of bones and teeth; some imbedded in the 
rock, and others in the loose earth. The bones in general 
are scattered and broken but not rolled ; they are lighter 
and less solid than recent hones, and are often incrusted 
with stalactite. Cuvier, mho enjoyed the opportunity of 
examining a very large collection of hones from G-ailenreuth, 
was enabled to determine that at least three-fourths of the 
osseous contents of the caverns belonged to some species of 
bear ; and the remaining portion to hytonas, tigera, wolvca, 
foxes, gluttons, weasels and other small carniyora. By the 
bones which were referable to the bear, he established three 
extinct species of that genus, the largest of which is called 
the Urms xpelmtis. The hyrena was allied to the spotted 
liyseaa of the Cape, but differed in the form of its teeth 
and head. Bones of the elephant and rhinoeevos are also 
said to havo been discovered, together with those of esist- 
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ing animiils, and fragments of sepulchral urns of high an- 
tiquity."* 

29S. The phenomena of ossifui-oua caTorns lead to the 
conclusion that they were the dens of ravenous animals; 
that the carcasses of large animals were drifted into them ; 
and that men have nsed thera aa places of abode or sepul- 
ture. Fragments of bones, mingled with ciay, pebbles, 
shells, etc, cemented together with the carbonates of lime 
and iron, are fre(juently found filling fissures in the rocks. 
Suth accumulations are called osseous breccia; they are 
very abundant in the vicinity of the Mediterranean sea ; the 
rock of Gibraltar yields fine specimens. The bones of the 
breccia are referable to both extinct and recent species. 
The bone breccia of Australia has the same ocbreous color 
aa that in Europe has; its bones are all referable to marsu- 
pial animals, as the kangaroo, wombat, dasymtts, &c. 

294. The fossils of this period are very numerous and 
various ; shells, both marine and fresh-water, are found in 
great quantities beneath beds of gravel and boulders, and 
especially in beds of marl under the muck — decaying veg- 
etable matter — of ponds and swamps. The long clam, M^a 
arenaria, and the common oyster, Osti-ea borealis, mariue 
shellfish, are found in the deposits of this period far inland, 
and a very large majority of the shells belong to species 
inhabiting ihe ocean of the present day. The immense 
accumulations of these shells, constitutiog layers many feet 
deep, indicate the lapse of a long period of time. In/ur 
soria abounded at this period ; the sillcious marl beneath 
peat swamps ia almost entirely made up of these fossil 
skeletons. 

295. At this period the most gigantic of the esistiag 

* Mont^lVs Wonders of Geology, p. 160. 
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groups of herbivorous quadrupeds were rcprcsantcd by 
allied species, which had a very wldo raaga of diffusion, 
aud some of whicli had a spec'al orgm'z tion to onabfo 
them to encounter a seieiity f diinate su(,h as bitmlir 
animals are not at the pr scut day des jjiied to enduie, the 
elephiinfs, for example hiv ug been ooveied with hur 
The animals which formerly h racterized the plaias of 
Siberia and the b gh lit tudes of the Noit! 4.mtrn,an eoa 
t nent are clos ly Jl el to the es st ag f n^ f No t!io u 
}<u ope 

OQb Tha Masl do (masfo npjlo oio tooth") sa 
ge us q te 1 & net f o n the ele; h nt ind de ves ts n me 






p esent n^ co al tu 
T s 3 Q wl t 1 „ r 



f n the c own of the i 
be oles o yered w th cni el 
an u 1 tha th tiephant v th 
T b ly lo g proper on 

It vas very •/ dely d ffused 
its re n us h v ng be n found ^ 
in As T Eu op and Amet c! 
f om the equ tor to 66° o 
north 1 t tu le t hi"? also in 
estende 1 range n t n con 
neet ag tl e M oce e n th th 
Pie sto on d [ 08 t a d c n i o h f n Mjs oa n 

t nuing down ne ly or qu t t tl ; o 1 ot coaoo n 

itant itt the latter periods of its existence with many species 
of animals which still survive. The temperate zone of 
the North Americau eoutiaent appears to be the locality in 
which it flourished; it is there five times as nuiuoroua as 
the elephant. Its remains abound in the marshes whoso 
waters are saline, called LicJcs; tho skeletons have bocn 
found erect with the head thrown upward, as if the aaima) 
20* 
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had sunk in the mii^e; the stomach with itfl contents of 
bi'uised twigs and leaves bas been found, coiiiirining the 
conclusion which the structure of ita teeth had suggested, 
that it was an herbivoi-ous animal feeding upon tough coarse 
vegotiihles, as t!ie branches of trees. It is estimated that 
from the Big Bone Lick in Kentucky, the bones of ono 
hundred mastodons, twenty elephants, two osen, two deer 
and ono megalonyx have been extracted. Several very fine 
skeletons of mastodons are now in the cabinets of Kurope 
and America. Eig. 157 presents a likeness of the most 
perfect skeleton yet exhumed. It was obtained at Ncw- 



r.£r 1 




Burg, N. Y., in 1845, and presents nearly every Imno per 
fectly preserved; it is about twelve feet high, its tnskr, arc 
fourteen feet long, and it weighs two thousand pounds 

?97. The Mainmotk (from the Arabic hehemolh, signi 
fying elephant,) was a companion of the mastodou fiom 
the Eocene period to the close of the Pleistocene) at the 
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close of wliieli, like the Litter, it became estitict. It dif- 
forod from tbo mastodon particularly hi the disposition of 
tlie enamfl of ita teclli in vertieal plates or byei 
nating with softer bone It diffei-ecl from tlio tw 
species of ekpliani — the Africjin and Asiatic- 
more nearly lekted to til. 
latter. In the ciown of tl 
tootL of the Afriean sptcies 
the enamel is arranged in 
lozenge-sliapod figures, as i p 
resented at a Fig. 158; in 
tlie Asiatic species the enauie] 
IS m niirow tt nsiers landH 
is at h ■wbik the i.uimel in 
(he tooth of the fossil pccies 
IS iimiliily irranged mhrnal a b c 

er bands, as at c Tl o rtniainB of the foss I elephant are 
very numeious oeeunmg whorover the mastodon is found, 
but rel itively much moie ibundaut on the Eiatein than on 
the Wtstern Continent Bones of nioie than fi\e bua 
dred ludniduals lie supposed (o have ht,en founl on the 
eonslsof Noifolt. and Suffolk mEngland -indthey aievcry 
abundant tl 1 ! f t! a m Tl y h 




Oh 



1 h 



llie Unit d St t 
which th 
els and cl 3 t tb th 

of the Pol I 1 1 d 



d th 1 
fcl 1 It 



wh : 



; th b 



of elephant can not live. The skeleton of the fossil ele- 
phant found in Siberia, described in § 124, closely resem- 
bles that of the Asiatic apecies, but its tusks are larger and 
more curved backward. Its tusks weighed three hundred 
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and sisty p un Js nnd tho hea I with the tueki f ii hundred 
and fouiteen ponnla A large portnn of the i^uiy of com 
e has been deriv \ from tho fo alls m Siberia 




298 The i mams of othLr extinct mi ( la ire found 
upon the Bhoies ot tho Aiet c ooein one ot whioh 
bears reaembhnce to the ihinm,eroi bat is ]uit diatinct 
from any known "tpecies of th.it genus Von Wrangel 
states that on an si n! in latitide 7o° ^n^ longitude 
140°, 111 the Pildi sei the hilla in ihe intei or were found 
to contain th skulls ind boi es of 1 use'' bttffiloes osen 
and sheep in such abunlmct thit thcs animals mu^-t fur 
nierly haie Incd tbert m Urge herds The beat boaes as 
well as the greitest number aie f und at a. ctrtxm dupth 
below the surface u=i ally in cliy hills more rarclj in bliLk 
earth. The nioie soli I the clay tin, bettci are the 1 n s 
preserved an 1 esponeiioe has ?hown that raoio aio found 
in elevations siluatui near higher hills, than along the Ion 
coast, or on tbe flat tundra (moss levels.)* 

299. The bones of ruminating animals nearly allied to 

* Ansted'a Geology, II. p. 151. 
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the common species of the os and deer tcibes .ire very 
abundant in llie deposits of tliis period; the dimensions 
of their bones indiciite great size, but otherwise they 
differed slighlly from csistinj» species. A remarkable 
gigantic animal, called the Irish Elk, is found ahundunt la 
the east of Iveiand and in the Isle of Man. It is found in 
beds of marl beneath peat-bogs whicii are the sites of an- 
cient lakes; they occur also in tho marls of France, Ger- 
many and Italy. The species is remarkable for the dimen- 
sions of its antlers, which were palmated. The average 
weight of the skull and antlers is seventy-flve pounds. The 




! ten ieet high, and tho autkrs spread from 
ten to fonttteu feet This aniratl continued to johibifc the 
earth up to a late pmod, and by some geologLsts is supposed 
to have been in cxistenci. ifter the inlroduttLon of the hu- 
man raeo. Contemporary with this and other members of 
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the deer tribe were seToral speciea of tlia gonus Bos, of 
wliioli one h supposed to be Ihe greitt auroeh or wild bison, 
atiU Ihuig la the foicsla of eisUiii Euiope 

SOO BtsiJea llie land mamnnlit, lelios of maime 
tribes of the tUss are found in the Itrtiaiy, in the I'leio 
ccQC, and peihapa in the Meioceno, but moie abundanllj' in 
t!ia Pleistocene, in beds of diift m ^alkjs tia.\eiSLd by 
livers The Ccfacea aie not fishes, they bieathc not by 
means of gills, but by lungs, ire Mvipiiou^ and suckle 
their young 

Di Hjihn described the slieleton of an anim d tf cnor 
mous 'iiza found in the leitiaiy in Alibaiiia, unler the 
name of Bastlosaunfi supposing it to be a lepfile, but 
Professoi Owen his shown that it is a Cetacean alhed to 
the Dugong md Oacholot, and has -laaigned to if the n ime 
Zcvglodon 

The skeleton of a whale seventy-two feet long has boeu 
discovered in a clay bed in Scotland, twenty feet above the 
present high tide level. 

A portion of the skeleton of a whale which was sisty or 
seventy feet long, has been extracted fiom. a cliff in Brigh- 
ton, England, associated with the remains of the mammoth. 

The skeleton of a whale thirteen feet long has been re- 
cently discovered hy a, railroad excavation in the blue clay 
of the valley of Lake Champlain, Vermont. 

301, The skeletons of several species of birds equal in 
size to those which ai'e supposed to have made the foot- 
prints upon the New Red Sandstone, have been found in tho 
recent deposits in Neiv Zealand. They appear to belong to 
a, group of which the Apterys is a living representative, 
which are more ponderous in proportion than the ostrich, 
and destitute of wings. They vary greatly in size; 
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2^0 




some having attained Fig. ISO. 

the height of nearly 
twelve feet, while ot ti- 
ers ai-e quite small. 
The structure of the 
Dinornis shows that it 
was, iike the Aptorys, 
well fitted for mpid 

uDD n^ Those birds 

app t have been 

nt nu dinto tliehis- 

t nl p riod; some 

f tl have very 
recently become es- 
tiDct; their bones are 
found in the state de- 
nominated sub-fossil. '^^ DmornlB. 

802. The cUmale of the period immediately succeeding 
the Drift appears to have been esseutially the same aa it 
now is. The deposits of arctic shells in the altered drift 
which were thought to indicate alow temperature, are quite 
limited acd may be accounted for by the influence of polar 
currents; many of them ire identical with those of species 
now living exposed to sath cuiTents on thi, present sea 
coasts. The existence of elephants, bona, tigi,i3 hjaanis, 
and similar animals found now only in tiop cal icgmns, m 
dioatea a mild climate in Great Biituin and othei paits of 
Europe where theii lem uni ait foun 1 iti ibundauee The 
elephants found in & buia wtre cLtd with wj)I anl hair, 
ahowiug that they Ined in a coldtr climite thin their con 
geuersaro fitted foi at the piesent day^ but the climate 
must have been milder than it is in those regions at present. 
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to havo furnished sufSeient food for such large animals as 
the elephant and rhinoceros, and the supposition that it was, 
appears to be confirmed by the fact that large birch trees 
are found embedded in the sandy cliff's, beyond the seventy- 
fifth degree of north latitude in sufficient quantities to be 
used hy the iuhabitanta as fuel, while only stunted shrubs of 
the same genus grow at the present day beyond the seven- 
tieth degree of latitude. 

THE ALLUVIUM. 

303. The Alhiviwni emhi-aeea the recent and progressive 
formations, consisting of sands, gravels, clay, marls, vege- 
table and anima! matter, ■which the rivers, lakes, seas, shell- 
beds ond coral-reefs are constantly accumulating. These 
deposits are not distinguished from those which immediately 
precede them by any marked difference of charaotera, but 
thiongh gi'adual, successive steps, they bring the history of 
the physical changes to which the globe has been subjected 
to the present time. They may be classified in accordance 
with their positions — as marine, fresh-water, and terres- 
trial. The period during which they have occurred is des- 
ignated the Jiistoru ^ei-iofl — the ai/e or reign of man. 

304. The phenomena of raised heachis indicate recent 
extensive changes of level in the ocean; such benches, with 
their strewn sand, gravel, pebbles, shells, etc., occur in 
Bome instances hundreds of feet above the present ocean 
level. Some of the elevations have been sudden, and were 
witnessed by living observers, as on tbo const of Chili in 
1822, and the Ullah Bund, {§§ 67, Q$ ;) but others are more 
ancient, and were probably gradual. Along the coasts of 
tho Jieditcrranean, ancient beaches covered with the shells 
Df species of ahell-fish living at the present time in tho ad- 
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joining sen, have boon elevated fifty f et wh le tl e eoasta 
of Swudeu and Norway have been r e 1 to h Id f^et 
above the present level of the Bal o S 1 !y locited 
beaches or terraces are found near tli n g lly 

forming to ita present boundaries, in II p f 1 w Id 

Phenomena of a converse kind a n A by bm 

rine, foresUf which are beds of veg bl ub w h 

the roots of the trees in the situation wh h h j 
iually grew — now depressed several f b 1 w h 1 w 
tide; as the trees belong to existing p h d p n 

is shown to be a geologically recent u n 

305. Masse f aa 1 g 1 j bbl d 1 j 1 

mrtj-i'ne I \ ac mul d y \ 1 

present at fh hhhll f 

tides and T I hm f S d h 

gained th 1 Ihwhf h dy 

the sites f h p Tyre il S d 

several nl Id dhdidfq I fdy 

land liav b f ed by 1 

loeulities (§4i)0h dp mlp b 

bed of th b I J k d g 

show tJia d d h 11 d bl b 

ces have bdpdbylm ts 1 

which rii I f h Tl 1 11 t) 

and the & ni h b h 1 g y 

blei-atew ii 1 p d f h m obaeniioa, the for 
mer, it is estimated, converts a square mile into solid land 
ID seventy days, or more than five hundred square miles in 
a centui^. 

308. Estuart/ deposits are peculiarly lomples, since 
they are composed of marine and fluviatile silts, and em- 
brace organic remains derived from the ocean, fresh-water, 
21 
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1 1 1 1 Tl d 1 f 1 N g J 

p b 1 h 1 d dml 1 1 as f 

1 d f be I f d U b 11 

lib m 1 b ly 

1 1 g f b b b 

dh IdTldl Jpb 

h d cf d y ml g f 

f fill mp J m I d 

b 1 h h d g i 1 A k 

1 m h pi If f h 11 

fi=ik 1 pb> us 1 b d d b h 

oculg Lkbdl fli 

N I lly d ted 1 d p f in d d 

d md bwbl f gld bh 

lu b 1 pi b pp p m 1 1 

b p 1 1 I h y f 

p 1 g pi Mb b d 1 I !1 I 1 d 

bydb Ifl db Ud 

lataffldlle ^m f 

and terrestrial ebavacters, w 11 present ajpeartnc s b n la to 
tbo3e of the Tertiary and Wealden tor at n 

Deltas are Uie most estens ve of tho ace sa bio Uuv al 
deposits ; they fnrnisli a oo noot g 1 nk between fo na, 
tions now in progress and those of forme geol g al e s 

807. Lacustriw. depos u lud the ul a nl mal 
a.n& organic laattcr wbiuh 1 ave a c ul ted n f si w ter 
lakes of the present period tl ese n ter Is fo s coes 
sive regular biyera upon th b tton sftlells dc ng 
quiet, gentle deposition. L kes b ve thus been fil I j 
and formed flat iiUuvial pU ua so e ^eoloj, ts aso bs tl s 
origin to i\ie prairiei, pait ^as, and s ppes Some lakes 
have been partially or wholly drained by a more rapid paa- 
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sage of their wateis througii the outlets ; when this has been 
effected by distinct stages, successive terriices are foi'med ; 
this is supposed to have been the orjgiu of tlie hdce rtdyes 
— rid</e roads — ihey having const tuto 1 t!i8 ancient shores 
of the lakes. The circumstances of lepos t on of the fresh- 
water beds of the Tevtiarj-j Weilden a d Co 1 series ap- 
peal to have been similar to those of 1 oust dg accuniu- 
Intions of the present era. Rive s ha e so et ues deposited 
then silt upon their beds, and more frequently dunng 
fioshets upon the adjacent valleys ; such deposits are more 
Leteiogeneous and irregular than those made in lakes. 

308 Of the various mineral substances chemically pre- 
cipitated fioui water, marl is the most abundant; it is the 
c irbonatc of lime held in solution and in mechiiuicul suspen- 
^,lon It occurs in various degrees of purity ; when densely 
iggregated and sometimes erystalliue in texture, it is called 
ivtL mail; when cementing together a mass of shells, 
sJiell marl; and wheu largely raised with clay, cla^ ntarl. 
Marls are found most fi'cquentJy in the deposits of lakes, 
ponds and switmps in limestone districts, in which calcareous 
springs abound. Iinntense quantities of this nialeriiil are 
also conveyed by rivers into the ocean. "A hard stratum 
of. travertin," says Mr. Lyell, "about a foot in thickness, is 
oltained fioin the ifiti,rs of Sm Tilippo lu four no bs 
and na (he spiings aie powerful and alaost u fo m n 
the quant ty ^\y n out we are at no loss lo comp el d 
the magnitude of the mass wliich d <iCbniJs tho h 11 
wl Kb is a mile and a quiiter in length ind the t! d of n 
mile in bieadtb, in some pljt,cs attiinu gnllckc'j fto 
luindred and fifty feet. To what length it miglit have 
reached it is impossible to conjecture, ns it is eut off by a 
stream which carries the remainder of the oalcaroous matter 
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fo tbe sea, Waters h Iding silioi 3n solution — 1 t stimgs 
— ha\o d^iosited /.tlicww, sintPi , the hot spi ngs of St 
Michael lave eneinated surrounding objects j.iii lepoaittd 
layers of sinter scleral inches thitk Alununa is also 
sometimes similaily precipitated , a iinxtuie of piecipitateil 
alumiD't, silien and the osile of iion has been ohtaineJ 
abundantly fum Tripoli foi use as a [oiiah ng ponder hut 
much of thi, tripoh of eomnieree consists of tho silicious 
shields of aniuialculei The oxides of iion nnd manganese, 
gypsum common s^lt petroleum or naphaltum, ute havB 
foimed extensile deposits, they furnish mxny analogies hy 
whicb the phenomena of similai beds mlhe oldei striti ire 
illustrated 

SC^ The j>lanls embedded m the alluTiura belong to 
existing species and occur as subleira/iean /niesli, ptal 
mosses, and dr ft wood Subteiianean foiests occur in de- 
pre'i'ied ville}'! m 1 low alluvial plains wheio ttoes stand 
lug (.lect 01 oicrEuinel m the situations in which they 
giew have been nrestol with mud and sand, the wood of 
tliese tiees, though d scolorcd h « I een empln^el in the 
eoustiuetnn of ho ises m England Elvers oe in eurients, 
and tide** hive formed extensile ae umulalions of drift 
wood m estuaries ind leltas anJ akng the sei coist par 
ticuhrlj in shelteied bays Aa instance of alluiial \et,e 
table acumulat on has been discoveied by i loction ot a 
canal m Seotlmd "At a depth of twelve feet fiou the 
suifoe of the fine alluiiil sediment siy* Piofe^s i 
Phillips 'a quantity of hizel bushes loots an 1 nuts with 
some mosses flesh witei she'ls and bones of the tig were 
mot with In some pai ts of the sediments an English com 
was foun 1 in 1 ars of a boat w ere dug up Where a little 
water entered this peaty and shelly deposit from the adja- 
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cent limestone, it produced in tho wood a singular petrifiic- 
tjon; for the external bark and wood ware converted into 
carlKmate of lime, in wliicli the vegetable structure was 
perfectly preserved. In like manner some of the nuts were 
altered; the shells and the meiubranea lining it were un- 
changed; but the kernel waa converted into the carbonate 
of lime, not crystallized but retaining the peculiar testiire 
of the recent fruit In this paiticulji case no reasonable 
doubt can exist that the peaty deposit full of land mosses, 
hazel-bushes, and fii-ah watei shi-lh was w ler moit i and 
covered up by fine sediments from the uver a d thp tide 

310. But the most extensile vegetable deposits of the 
alluvium are ^et[(-BW3s'' which co\er hindrels of squire 
miles, and are sometimes forly ttet thick J it :,onii&ts ot 
mosses, especially the sphagnum palusti rushe'* and tier 
aquatic plants, together with the trunks branLbc and 
leaves of trees. Peat swamps occupy the sites of ancient 
lakes and low woody districts in which cbatructions to the 
drainage have caused awampj moriases destinying the fur 
est trees and favoring the giowth of aquatic mossei The 
sites oi many of (he aborij^inal fjrests of Turjpe ate now 
covered by mosses anl iciis Fallen trees ly ob&tiuct- 
ing the drainage of a district have produced peat-bogs , the 
prostration of a forest by a tornado about the middle of the 
seventeenth ceiituiy produced a peat-moss, which at the be- 
ginning of the eighteenth century yielded peat for fuel. 
Peat swamps possess eminent antiseptic powi , Iho bodies 
of men and other animals buried in them have been pie- 
served for centuries. The most ancient peat-mossca belong 
to the alluvial period ; this is known by theii oonfoiuiing to 
tha present configuration of the Sand, and h^ then -eont lin- 
ing the remains of vegetable and animal bodies belonging 
2J* 
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exoliisively to existing species. Thu tlmngea wWcti occur 
in peat-beds illustrate tLe foi'matioa of coal; a true bitu- 
minous coal lins been founil in a peat-bog in tbe State of 
Maine, several feet below the surface amidst the 
of logs of wood, (§ 144.) 

Sll. The remains of animah belor 
still living or very recently extinct, 
the Alluvium ; among these i-emaina 
fish and coral zoophytes are, as they i 
raationa, most abundant. Immense banks of dead shells 
ha been 1 'f ed t ^e he by fd an leu ent s ne f 



Dngmg to the species 
i charaeterisfic of 
e exuviffi of shell 
■e in the older for- 




tbcn em n loo e n 1 arc n y 1 w s h le others 

are cemen ed together by t o ca bon te of 1 ne into a 
shelly 1 e ne sands one T g 161 ep aenta a por- 
t on of 1 ook taken f m i bank of con 1 1 ed ahelis, 
in the progre soff n t n ntle Engl I 1 a nel near 
themoulofth Tl an es t sffieenlvfi to admit 
of be ng cut nd j 1 si ed he b n con a ly of one 
pec ha n^ 1 d J. {, ou si st and mus- 
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sela, Cm-al rncfs with their accuniukted debris constituta 
tbousanda of square miles of tlic surface of the eartl), 
(§ ~^i) "I'l form an nggregate of calcureous mutter equal 
to tlie liiiiestonea of the olJer formations. The reiuaina of 
fishes, rcptiks, birds and mammalia, whieb are iDcladed in 
allavial deposits, thougti comparatively few in number, are 
highly indicative of the ci renins tan ces in which they lived. 
312. Some genera B.aA species of animals have become 
extinct dui-ing the alluvial period ; this may have been the 
with the great Irish Elk, the Mastodon, the Din orn is and 



othera; but (here is 



i example of extinction which hai 



iTed within tiie period of authentic history The Dodo, 
a turkey, 
n fiist ool- 



a bird of the gillinaceous tribe Wgei tliai 

abounded in Mauritius and adjacent islands, wl 

oniaed by the Dutch, moie yig 152 

than two centuries ago Tt ^ — ^ ^ 

is now entirely ext net Th 

stuffed akina forn e Iv 

liluropean Cabiuete hav de 

cayed, and the 01 ly el c« 

of tLem are a f w f ^ * 

ments of the harde pa t« 

OS the head and fe f n tl e 

British Museums The 

bones of the Dodo I ive 

been found fossil n 1 tuf 

ceous deposit in th I le of T D d 

France. The Apfer/fx, so, called because destitute of ivings, 

is a rai-e bird living in New Zealand. It differs from most 

birds in many particulai-a of its organization. It appears 

to be almost estirpated, and several of :ts congeners are 

thought to have recently become extinct 
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Tho conjecture that man's remains will be found in the 
older rocks of Asia where the race was first introduced, 
is shown to ho groundless by the fact that the organic 
contenlB of Asiaiic rocks ara known to correspond with 
those of (he rooks of the same age in other parts of the 
world, 

314, The superficial stratum of the earth's surface in 
which plants grow is denominated soil; it consists of mi- 
nute fragments of rock — gravel, sand, clay, together with 
portions of decomposed vegetable and animal matter. It 
varies in thickness, never exceeding however a few feet. 
The fragments of which it cousiste, have either resulted 
from disintegration of the subjacent rocks or have heea 
transported frnin the localities in which they were broken 
up. The mineral mass lying immediately beneath, and 
destitute of vegetable and animal substances, is called suh- 
soil. Soils are designated according to their predominant 
miuoral ingredients, as iandy, gravelly, loamy, clayey or 
calcareous. The soil not only furnishes subsistence to veg- 
etable and animal bodies but protects the surface of the 
earth from rapid wearing; an unprotected surface is wasted 
by every shower, while even light sands are secured from 
abrasion by vegetables growing upon them. 

315. Atmospheric and aqueous agencies exerted during 
the alluvial period, have produced tbe most recent modifi- 
cations of the earth's features ; the forms of mountains and 
valleys have been losing their sharp angles, and become 
undulating. Caves, which were originaDy fissures ia lime- 
stone rooks, have been greatly extended by the eroding 
action of water. The great Kentucky Cave haa been traced 
ten miles in one direction, without finding any termination, 
it has also very estensive lateral branches. A similar action 
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in gorges aTid vallejs occasionally presents tiie plienoniena 
of natural brt^yeg, of which a remarlrii,ble esample is found 
in Virginia. It consists of a magnificent arch of limestone 
npiiiiiiiiig the Cedar craek. Its height ahove the stream is 



V. - '^«- 




two hwutired and fifteen feet; its length ninety- three feet; 
its width eighty feet, and its thickness fifty-five feet. 

316. The products of iipimii^ agency during the allu 
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vial period are numeious auil eilensiit Lt,d3 of lava, vol- 
eanif) ashes, aeorise, sand, suiphur, etc New volcanic craters 
have arisen, as Jorulio, in Mcsico, while otliors have 
ceased to erupt. Earthquakes hive produced great distuv- 
bances of the earth's crust, an 1 larious portions of the sur- 
face have been elevated and depiessed Man; mountaiii 



Fig 166 




ChlmbiiraHi. 

peaks show, by their forms, and by the lava upon their 
sides, that they are volcanic vents, though they have been 
long dormant, and can not be with certainty assigned to 
the alluvial, or period of active volcanoes. 



H,,.l,.d-,y Google 



CHAPTER X 



THEORETICAL GBOLOGy, 

317. Hitherto tin, facts respecting the "^tiucture of 
the earth a Liuat, the nituri, ot the materiih ind (ho order 
of their aiiangement, have been detailed con^tjtutiDjf 
Descriptive Geology , hut Geology when perfected embia 
oes an enunciation of the laws m accordance with which 
the suooeBSive ohinges tho earth has undergone, ind its 
present conditnn have been pioduced This depirtment 
of the science li termed Theoretical, or I'hyncal G&oJojy 
Sir John Hersuhei cbser\ei, "The first thing that a 
philosophical mind u)nsiders, when any new phi-ninienon 
presents itselt, is its explanatmn, or refcrencfc to an imme 
diatc producing tausL. If thit Lin not be ascertained the 
next thing is to generalize the phLnomenon, and inUude it, 
'lith othei3 analogous to it, in the exprLSSion of some 
law." * 

A iJieoit] is a philosophital explanation of phenomeui, 
deduced from principles which have been established by 
independent evidence, while an lypoiliesis rests solely on 
the satisfactoiy caplanition of the phenomena which it 
furnishes These terms aie, however, fieiuenlly used 
synonymously, and some modes of esplinaticn deemed 
theories may by the progress of science be shown to be 
untenable by hyp thesis 

« HervciU D iour«o (ii ilie Stnd-v of Nitunl PhUcbuphv 
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31S. Geology is an inductive science based upon the 
observatioa of facts, and if tlie theories adduced to accouat 
for the pheQomena are shown Ui be untrue oi- insufficient, 
tbe facts still remain uninipeacLed. Geological theories 
relate principally to the modeS' of action of tbe two 
great agencies aqueous and igiteotis. It has before been 
stated {§ 13,) that geologists are divided in. opinion respect- 
ing the intensity with which these agents liave operated in 
different periods; and while they agree in attributing the 
stratified rocks to deposition from water, in particular modes, 
the phenomena of the Ifri/l have given rise to several theo- 
I'ies. Diverse modes of explanation have also been pro- 
posed to aocouvit for the phenomena of volcanoes, and the 
elevation of mountains and continents. All correct reason- 
ing in natural science is based upon the uniformity of na- 
ture's laws ; a conviction of this uniformity is unceasingly 
impressed upon the mind by experience and observation. 

THEOaiES OF THE DRIFT. 

319. No part of Physical Geology is so unsettled as 
that which relates to the dispersion of the Drift. It was 
formerly imputed to the agency of powerful currents of 
water alone, and by many it was ascribed to Noah'a deluge. 
This was the view entertained by Dr. Buoliland wiien he 
■wrote his Reliquiw Diluviame. But the short period of 
that flood and the absence of man's remains and works, 
with other considerations, have led to the universal aban- 
donment of that view. The agency of water alone is now 
regarded as inadequate to account for the phenomena ; they 
are attributed to the joint action of ice and water. Threo 
theories are advocated by different writers on the subject. 

320. Tbe iceberg theori/, supposes that the polar regions 
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h 1 were depressed beneath the ocean before the 

d nd h t during that period icebergs loaded with gravel 

and ngn nts of rocks were transported by currents, in- 
fl g a hes a.ad grooves upon the rocks over which 
1 y 1 06 d aDd melting in lower latitudes deposited the 
u al h y had conveyed. 

I u g d in favor of thia theory that such an agency 

n w w n sed in the phenomena of icebergs bearing 

th n if tons of earth and rocks, transported by polar 

u n a f r as the drift estends. The stranding of the 

b gs w h fragments of rook frozen in them, is thought 

p du rise and furrows upon the bottom of the ocean 
1 k 1 f the drift. 

I bj ted to this theory that the boulders of ice- 
bergs are brought from high latitudes, while tliose of the 
drift appear to have been derived from neighboring moun- 
tains and ledges; the parallelism and uniformity of the 
strise are not a/lequately accounted for; and the highest 
portions, as mountain tops, alone should have been furrowed 
and striated, since icebergs that would float over such 
heights would not reach to the bottom of the valleys, 
whereas the scratches are common in the plains and 
Talleys. 

321. The elevation tlteory attributes the phenomena fo 
numerous elevations of the earth from beneath the polar 
seas, repeated for sueeessive ages, sending enormous waves 
toward the equatorial regions bearing icebergs, with their 
boulders and earth, and urging before them the loose mate- 
rials lying upon the surface ; the strise were produced by 
fragments of rocks in the bottom.= of immense masses of ice 
which may have been forced up steep declivities. 

The arguments in favor of this theory are, that 
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fipheavala of the bottom of the ocean are knowu to occur, 
as iu the elevation of Sabrina, Graham's Island, iu the 
Blediterraneau sea, and the Aleutian Islanda, (§ 60 ;) that 
waves caused by eavthquaken have great power to prostrate 
and transport heavy bodies; and that, as the surface of 
the contineats, the mountain ridges and valleys, were essen- 
tially the same in form and direction then as now, the origin 
of the action must be sought for out of the country, and the 
direction of tlie drift dispersion indicates that the localities 
elevated were about the poles. 

It is objected, that so numerous and extensive elevations 
as the theory requires, are improbable ; that the phenomena 
of the drift hidioate prolonged action, while such vertical 
movements are transient; and that the parallelism of the 
striae on tie rocks is not accounted for by moving fields 
of ice buoyed up by water, and conveyed by currents which, 
instead of passing up mountain sides and over their sum- 
mits, would have swept around such obstacles. 

322. The glacier theorr/ supposes that the climate, 
which in the Tertiary period had been so warm as to allow 
the palms to glow ntthin the temperate zones, became mnch 
colder, causmg enoimous sheets of ice — polat glaeieis — to 
advance far beyond thpii picMous hmifs moving along the 
surface by alternate alvince ind letreat, lounding, polish 
ing and stnating the locks, and aiteiwaid when nieltt,d 
depositing their loads of bouHeis and dtttitus wheie the 
drift is non found In Europe the centei of ixpansion is 
supposed to haie been the Scandinavian mountiina, n,nd in 
North Ameiiei mthepolai iegions,hom which the j,lT.cieis 
advanced southeih 

The ad\ocates of this theory contend that thi, phenom 
ena of glaciei-s as witnessed in the Alps (^§ 32,) die peifect 
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minia u n j esen tions of the drift — its strise, furrows, 
bottldera and noranes; that the elevation of extensive re- 
gions h ^h lat tudes, like those of the Cordilleras in 
Mei nl le hgh plains of Central Asia, would pro- 

duce eh a edu t on of temperature as to eauae imnionse 
glaciers, even thousands of feet in thickness. This theory 
is advocated by Prof. Agassiz. 

The principal objection to the glacial theory is that gla- 
ciers are at present entirely confined to valleys, and the 
origin of such an enormous sheet of ieo as it contemplates 
is altogether hypothetical. 

323. Neither of these theories is deemed quite satisfac- 
tory ; the proximate cause of the phenomena is very gener- 
ally supposed to Lave heen (he joint action of ice aiiiJ 
currents of water, but their origin and exact modes of 
operation are not determined. 

THEOllY OF VOLCANOES, 

324. The cause of volcanic phen — 1 1 
earthquakes, and elevations and depressio f p t n f 
the earth's surface — has heen the subject f m h d 
sion. The prevalent theory on this subj t jj th 
whole earth, with the exception of a t fif y n 
hundred miles thick, to be in a melted stat fh t upt 
are produced by the access of water tb ^h to 
this heated mass, which causes steam d th last 
bodies to force out through craters anl fi la 
scoriie, sulphur, and other volcanic pi-odu t 1 th t th 
whole globe has formerly been in a st t f f the 
present crust having resulted] from the c 1 n f th 
face. 
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325. In favor of this yicw it is urged — 

1. Th.it the tempei-ahire of tlie earth helow a certain 
depth, as tested ia mines and Artesian wells, continually 
increases as we descend (§ 5,) at an average rate of about, t" 
for fifty feet, which would at a depth^of a little more than 
a mile give the temperature of boiling water, and at a depth 
of about fifty miles, would be adequate to the melting of 
any known rock. 

2 The i,j>7i€rotdiil form of the earth lis thought to indi- 
cate that it has been in a fluid state , and, it so, it must 
have been thiough tti, igcuij of heat Sn Isiac Newton 
has shown that a body having the size ind density of 
theeaitb, levolving on itA axis with the idpidily it has, 
would, if its particles were fiee to mo've, asiiume its oblate 
spheroidal foim 

8 The iivmerotts extensive ■volranoes, whose oiigin is 
deep seited, which cummnmcate with eich othei o\er vast 
areas, and the misses of wiiose livas thiown. out it a single 
eruption sometimes smpiss the bulk of the mount lins in 
which their craterb are situaled, (§ 6i,) leqmre an enormous 
mass of heated matter; if the interior is in a melted state 
the materials are abundant, and their extrusion may be 
produced by the pressure of steam and other elastio bodies, 
or by the contraction of the crust upon the melted muss. 

4, The phenomena of Ao( spriiiffs, deep Artesian weUs, 
and the increase of temperature generally, as we descend 
beneath the surface, are adequately accounted for by this 
theory. 

6. The ultra tropical character of the climate, and its 
great vniformity during the periods of deposition of the 
earliest foasiliferous rocks, have been attributed to thia 
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I3, The rotks constituting the crust of the earth have 
been melted; the oliaracters of the unstratified rocks show 
that they have undergone no change since they cooled from 
a state of fusion, and the stratified rooks consist of frag- 
ments of the unstratified, and have therefore been melted. 

7. The phenomena of earthquakes, their great extent 
and violence, are accounted for nnder this theory, by the 
undulatory motion of the earth's crust in consequence of 
the expansion of gases within, or of undulations in the 
molten mass. 

326. It is contended by ohjectors to this theory — 

1. That the high temperature of the earth as we de- 
scend in it may be aceount,ed for by chemical action, or by 
condensation of the air. To this it is replied that the phe- 
nomena occur where neither of these causes are adequate 
to their produetioH. 

2. It is objected that the temperature of the ocean is 
lower at great depths than at the surface. But strata of 
water arrange themsolvos ia accordance with their specifio 
gravities, the warmest rising to the top, and the crust of the 
earth is no thinner beneath the ocean than where it consti- 
tutes dry land. 

3. Again it is objected that if the interior is intensely 
hot it should melt the crust with which it is in contact, or 
if not much hotter than the point of fusion at the time the 
crust consolidated, subsequent cooling should have caused 
it to solidify ere tliis. To which the advocates of the theory 
reply that the perfect non-conducting property of the crust 
prevents the escape of the heat. Baron Fourier has shown 
that the effect of this intemal heat upon the surface is not 
the -,i^ of a degree at present, and that the temperature has 
not fallen during the last two thousand years more than the 
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y^, part of a degree. Currents of lava after accumulating 
a crust have been known t« remain flaid witbiu fur many 
years, (§ 6'2.) 

327. Another theory proposed to account for volcanic 
action, supposes there are extensive repositories of ■melted 
rocks, sufficient for the phenomena of volcanoes, while the 
great interior mass is solid; but most of the objections to 
the last theory are equally pertinent to this, aud some of 
them apply with much greater force. 

32** Sir Humphry Davy proposed to account for vol- 
canic action b^ the hypothesis that the internal parts of the 
eaitli contain gieat masses of the metallic bases of the 
alkalies and ejiths — potassium, sodium, calcium, alumi- 
nium ■xai magnesium — ^whicb on coming in contact with 
water decompose it, and produce vivid combustion. This 
hypothesi'., though abandoned by Davy, has been advocated 
b\ itheis, and is not necessarily inconsistent with the doc- 
tn f t 1 h t 1 t th m d 1 ty d 
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marblo; jnai'ble less than slate; and slata less than sand- 
stone. An increase of tenipei-ature of 600° applied to ten 
miles thickness of the earth's crust would elevate the sur- 
face two hundred feet ; and a similar diminution of temper- 
ature would cause a corresponding subsidence. 

330. The elevation of mounfom chains is usually as- 
cribed to violent volcanic uplifting agency; hut some 
writers account for it by tlie collapse of the consolidated 
crust upon the contracting mass within, some portions of the 
crust rising in ridges, while others sink beneath its former 
level, thus increasing the relative height of the ridges. A 
modification of this view attributes the elevation to a pli- 
cation, or folding of the strata, in conseijuenoe of horizon- 
tal or lateral pressure. 

331. M. Elie de Beaumont contends that all mountain 
ranges which are parallel to each other, were elevated at 
the same time, even when situated remote from each other. 
The period at which a range was elevated is determined in 
accordance with principles illustrated in Fig. 62, § 103 ; 
for example, the Chalk series are found inclined upon the 
flanks of the Pyrenees, showing that they were deposited 
before those mountains were thrust up, while the lowest of 
the Tertiary rocks are not thrown out of their horizontal 
position; the epoch of the upheaval of the Pyrenees was 
therefore at the close of the Cretaceous, and antecedent tn 
the Tertiary period. By the same tost the Apennines are 
found to date from the same epoch, and the two ranges are 
nearly parallel. The same is found to be true of many other 
rangi^s at vaiious periods, and hence Beaumont derives his 
geneialization that parallelism indicates contemporaneity. 
He makes twelve systems of elevations in Europe, the first 
of which IS tki -jhtcm of Westmoreland, in England, and 
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of tte Hunsdmck on tie Continent, which was throwu up 
during the Silurian period, being tlia oldest uplieaval as yet 
identified upon the globe ; and the last is the system of the 
Principal Chain of the Alps, which was eleyated after the 
close of the Tertiary period, heing the last great convul- 
sion to which Europe has heen subjected. Five or six 
systems have been ^signed to tho American Continent, of 
which that of the Andes is the most leoent, its upheaval 
having occurred, as Beaiunont supposes, in the historical 
period. These views, though generally received with favor 
by Geologists, require confirmation; if they eaa be shown 
to be correct, their guidance will greatly facilitate geological 



THEORY OP VEINS. 

332. It is generally supposed that most veins were 
injected in a fluid state into fissures in both stratified and 
tinstratifled rooks; some veins have been traced to largo 
masses of the same materials, whose former fl.uidity through 
the agency of heat is deemed demonstrable. 

It is however admitted that some veins are contempora^ 
neous with the rocks in which they are included, having 
been separated by chemical segregation, (§ 106,) as the 
flints were separated from the chalk, and the garnets from 
the raica-slate ; in such cases they are entirely included in 
the rock. 

The materials of some veins appear to have been sub- 
limed into fissures, studding the interior with crystals. An 
espejimcnt has been instituted to test the correctness of 
this view of the origin of veins. Lead ore (Galena) was 
sublimed through steam of water in an earthen tube, and 
condensed in cubical crystals in the colder parts of the 



H,,.i,.d-,y Google 



262 THEOEETICAL GEOLOGY. 

tube ; boraoic acid was sublimed and condensed in tlie same 

333. By somo Geologists veins are supposed to liave 
boon formed by tlie chemical changes that may have taken 
place under the influence of electrical currents in the inte- 
rior of the earth j the esperimenta of M. Beeqiierel on the 

nsolubl p und of copper, lead, and lime, show that 

m ny j tall z d bodies, hitherto found only in nature, 

n y b a t fi ally f med by the long-continued action of 

y f bl 1 t 1 currents, and Mr. Fox accounts for 

h p hn as of metallic veins running east and 

w t by th It agnetic currents circulating in that 
d 1 n 1 con \ ng metallic compounds and transferring 
th 1 D nt t aaiderable diatauce ia the rocks. 

COSMOGONY. 

334. The Science <t G-eolog\ djes nof furnish the 
means of determining in whit state the miteiixls of fhe 
earth were when created, nor can it assuie us that those 
materials have not undergone many impoitant changes, of 
which wo have no indication' Conjectuie'!, howevei, have 
been formed lespeeting the earliest condition's of created 
matter. A prevalent Ajipo/Ae'ts supposes mattei to hiie 
been created in its elementary forma; chemical attraction 
caused many of these elements to combine with each other ; 
this rapid chemical action — combustion — evolved sufficient 
beat to vaporize a large portion of the substances; subse- 
quent radiation condensed the vapors to a liquid state, and 
a solid crust accumulated upon which the waters of the 
atmosphere were precipitated, bringing the phenomena 
within the province of positive Geology. 

835. The plausibility of this hypothesis is argued from 
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tronomioal analogies. Comets and some neli ce p 
matter in an exceedingly attennated state, so th 
be seen through the former in some instances w h 
any diminution of lusti'e ; and some of them, i h 
are becoming graduullj more dense at their cente 
moon presents the appearance of a globe with 
shaped by jgpeous agency. Its mountain pea 
than four miles in height, and some of its vol 
which are one hundred and fifty miles in di m 
their bottoms depressed more than twenty t d 

below the general surface. These craters ver 
semble in form, terraces, etc., some of the earth 
especially Kilauea, (§ 58.) As there is no wa p 
mOon, and a very rare atmosphere, if any, no h ■ 

posits exist, nor are the chatacteriatic effects 
action obliterated, but it presents to us such a pp 
as Geologists assign to the earth in the primary p 
fore the agency of water modified its surface b w 
the igneous roclts and depositing strata of the d 
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PEAOTIGAL GEOLOG-T. 

S36. By Practical or Economical Geology is under- 
stood an esliibition of the facta of tlie science obtained by 
observation, and the !aWB deduced from the facta by gener- 
alizatioo, with reference to their immediate application to 
the wants of society. Its importance can not indeed be 
adequately estimated by monetary tablea, since its effects 
oa mind in stimulating intellectual activity, and inducing 
wholesome mental discipline, are no less valuable than what 
it has accomplished for the comforts of society and the in- 
terests of commerce. But its cash value is distinctly ap- 
preciable. Mr. Miller states, in his " Old Ked Sandstone," 
that the time and money squandered in Great Britain alone 
in searching for coal in districts where the well-informed 
Geologist could have at once pronounced the search hope- 
less, would much more than cover the espense at which 
geological research has been prosecuted throughout the 
world. The OM Eed Sandstone, the Silui-ian rocks, and 
talcose and mica-slates have been bored for eoal, where the 
author just quoted remarks, "there might be some possi- 
bility of penetrating to the central fire, but none whatever 
of reaching a vein of coal." 

337. Not only is the physical condition of a country 
influenced by its geological structure, but the occupations 
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and habit'i nf iu inhabitants are almost uxclusively deter- 
mined by it. A good geological map of a t'ouufry is the 
teat index of the relative valuea of its districts fur partic- 
eular economical purposes. 

Practical Geology rehktes particularly to the processes 
nf Mininy, EngiiuseTiiiy and Architecture, and Agricid' 
lure; it depends principally upon the fact that minerals 
which aie useful fnr practical purposes are found only in 
certain geological formations. 

338. In mining for most metah Cfeology indicates the 
primary and metaworpJiic rooks, the junction of the slrat- 
ilied with the unstratified rooks, as the most promising 
fields of search 

Gold and Plutinum are found nut as ores, hut native 
metals in quaitz tock and taloose «Ute. They are how- 
ever obtained fiom the drift and alluvium, which consist 
of the detritus of these primary tqiXs 

Silver occurs as a sulphuret and a chloride in the pri- 
niai'y and transition slates ; it is also associated with me- 
tallic copper. 

The principal ore of Mercury — the sulphuret — is found 
in niica-slato and in the New Red sandstone. 

The ores of Copper — the sulphuret, the oxide, and car- 
bonate — are found in the primary rocks, and in connection 
with trap dikes in the secondary; copper ia also found na- 
tive in these situations. 

Lead ore is the sulphuret — galena; the unstratified and 
stratified primary rocks, the metaliferoua limestone, and the 
secondary rocks as high as the lias, are its repositories. 

The sulphuret of ifijjc— zinc- blende — and the carbon- 
ate of zinc, are found in the Transition and Secondary 

23 
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Tin, Antimoni/, Bismuth, Cobalt, Arsenic, Manganese, 
etc., are found in the oldest rooks. 

Iron occurs in all formations, ia quantities and forms 
adapted to working, but the iron ores of the older rooks are 
the most valuable. 

The metals are usually found in veins, but sometimes 
they constitute true beds, and are also diffused in fragments 
through a rock, as in the drift, or alluvium. Veins follow 
certain courses relatively to the principal axes of elevation 
of the country ; they are often interrupted by cross veins 
aud dikes, and thrown either up or down. The veins con- 
taining metallic ores are called forfes; those not mctalifer- 
ous, cross courses. The inclination of the vein to the hori- 
zon is called its underlie, hade or slope; and its intersection 
with the surface, its direction.. The practical Geologist is 
enabled to determine these, and map them out so as to 
guide the miner to the readiest and most economical method 
of developing the ore. 

339. True hitamtnous coal is found only in the carbo- 
niferous system of rocks, and in a certain part of the sys- 
tem only ; all search for it in other positions has proved 
fruitless. Beds of lignite di^ occur in the Oolite, Lias, and 
Tertiary, but they are rarely worth working. Anthraciie, 
■which is coal deprived of bitumen, is sometimes found be- 
low the carboniferous series. Masses of bituminous matter 
sometimes occur in the Old Red sandstone with markings 
so similar to the vegetable impressions on the carboniferous 
sandstones, as to deceive an unpractised eye; but the 
groups of fossils are characteristic of the formations and 
enable the Geologist to diserimlaate them. Dislocations 
of beds of coal and strata associated with them are singu- 
larly frequent, and t}iu/aidls are so complicate as to require 



H,,.i,.d-,y Google 



PRACTICAL GEOLOGY. 267 

muKh geological knowledge and experience to aid the miner 
in i-ecovei'iug his lost seams. Tlie most successful modes 
of draining and ventilating the mines are also indioated by 
the practical Geologist. 

840. The diamond, wliich is pure crystallized carhon, 
and is supposed by many Geologists to be of vegetable 
origin, has been found in the talcose siat«, and the New Red 
sandstone; the roeka with wiiicli it was associated indica- 
ting the agency of heat The precious stones, emerald, 
rubi/, sapphire, topaz, carnelian, towmatinc, garnet, etc., 
are found in the igneous unstratified rocks. The gems 
are frequently obtained from the drift, together with gold 
and platinum, having been removed from their original 
positions by tlie abrasions of the older rocks. 

341. A knowledge of Geology is highly important to 
the engineer and architect. " It is in proportion to his 
aciua' tance w'th "Geology and Blineralogy," says Mr. 
Ore y tbit the Civil Engineer is rendered skilful ia the 
format on of roads, canals, harbors, building of bridges, or 
form g fo ndatons of any kind, and draining; wherever 
the sc ne of li labors may lie, Ue can not be entirely suc- 
cessful w Iho t a cai'efui consideration of the various strata 
compos ag the ear li is ^^ bea Smeaton was called 
upon to const t li Eddy n L gbtbouse, he commenced 
1 y exan ng the f 1 rock on wkioh it was 

to be base! and a f p bl to endeavor to imitate 

na re n 1 IS -ir a n f 1 curses. Had the build- 

ers of the Lean ng T w , Pa, been equally careful, or 
ha 1 t! ey been acquainted with the composition of the eaj-th 
on y1 h tl ey la d their foundations, the world would never 
a e h 1 the o( portunity of supposing that its inclination 
tl effe t f design, instead cf the consequence of an 
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iiisooure base, which might have heen consolidated by 
art ; had the alluvial matter on which tho footings are laid 
been oonvertBd into a mass of conglomerate or artificial 
roclc, this famed Campanile would have stood as upright as 
e Lighthouse. For all the purposes of build- 
s necessary that the constructor shonld be acquainted 
with tho formation and properties of the matter with which 
he baa to deal; he should understand the cause of the du- 
rtbility of a substance whatever it may be is well aa what 
diaintej,iatcs or destroys it * 

A lithul g cal mip of a i-ountiy deliueitm^ its \ ii ua 
strata tbtn dip and strike is an efficient guide to the En 
gineer in locating publii, works estimating (hen expense, 
and pioouiing the materiila for their constiucti n 

342 One of the most importj,nt uses to which minerals 
are appl ed is foi aichiteetuial puiposes The chat ctec 
of the mat rial requnes to be adapted to the ciimmstancea 
lu wh ch it 18 used in order to secure lurabilitj some 
rocks disintpgiate rapidly m consequence of expansion 
and cni tiaetiou fiom cbxi^ps f tempaatuie an] otheis 
are destroyed by absorbing watei flora the atm sphere, 
which expands lu fieezm^ The impoitaace of tho duia 
1 lity of materials has been much neglected n modern 
ar h tectuie Mr Ure lemaiki thit such wis the caie 
Dt the mcienta to pOMde strong anl duiable m-itpijals 
fir their public edifices that but for tho desolating hands 
of modem bubariana in peace and in wir most of the 
temples and other public monuments of Greeee and Home 
would have lemuned perfect at the piesent day uninjuied 
^V the elements dutjng two th usand years The contiast 
in this respeet of the w rks of m dern architects especially 
* EnoyolopaEdia of Civil Engineering, by Edwnr 1 Creaj, p. 617 
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in Great Britain, is Tery humiliating to those who hoast so 
loudly of social advancement; for there is scarcely a public 
bnilding of recent date which will be in existence a tliou- 
Band years hence." This frailty of public Btructures is 
equally conspicuous in the United States. 

343. Granite, Si/enite and Porphyry are valuable ma- 
terials for building. To adapt them for this use they 
should be fine and uniform in texture, as the coarser va- 
rieties are not so coherent. They should be free from 
metallic bodies, especially iron pyrites — sulpburet of iron — 
which, oa exposure to moist air, rust, discolor, and disinte- 
grate the rock in whieh they are embedded. These rocks 
usually harden after renioval from the quarry and exposure 
to the air ; their geological position is in the Primary series, 
but they occur intruded as dikes and veins in the more 
recent strata. 

The varieties of Trap and Basalt are used for building ; 
the natural faces of the basaltic pillars require no dressing 
to fit them for the purpose, and the sombre hue of the fer- 
roginoQS varieties is adapted to some styles of architecture. 
These igneous rocks are associated with the Secondary series 
of strata. 

The Lavas of the Tertiary and the Alluvial periods, 
are also used, but are frequently not sufBciently firm and 
compact for this purpose. 

344. Sandstones usually consist of grains of quartz, 
with some admixture of other minerals, as feldspar and 
mica; some are cemented together with carbonate of lime, 
and are called calcareous, others with clay, and are denom- 
inated argiUaeeous. Their colore, yellow, brown, red or 
black, are principally due to the compounds of iron. They 
occur in strata of all the geological series, and arc, there- 

23* 
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fore, widely diffused and easily accessible. They .ire ex- 
tensively eiiiijloyed, frequently under the name of free- 
stones. To fit them for this purpose they should be free 
from iron-pyrites, iron sand, or any subatauce which will 
on exposure to the weather undergo chemical change. 
Some sandstones, are worthless for ordinai-y building pur- 
poses, falling to pieces as soon as they dry, but are very 
firm while kept beneath (,he surface of water or in the 
ground. Sandstones whicli absorb much water will not bear 
esposure to frost. This may be tested by immersing them 
in water and exposing to frost, or in a saturated solution 
of sulphate of soda — Glauber's Salts — and drying in the 
air ; in the latter case, if much of the solution is absorbed 
the crystallization of the salt will produce the same disin- 
tegrating effect as the frost would. 

The Conc/lomerates and Breccias are not so well adapted 
to architectural purposes as the rooks which are finer and 
more uniform in structure. 

345. Litriesiones have always been highly esteemed for 
building and various other purposes. They are very abun- 
dant, occurring in all the series from the statuary marble 
of the primary to the marls of the alluvial. They are 
either gramdar or compacl in texture ; the former furnish- 
ing the firmest and finest marbles. Wheu pure they are 
white, but they are often clouded with black mica or some 
metallic compound. These are found in the vicinity of 
the igneous rocks, to which they are supposed to owe their 
crystalline texture. The finer varieties of marble arc said 
not to be exceeded in durability by any other rock used in 
architecture. Some of the compact varieties of limestone 
are easily wrought, are susceptible of polish, and arc well 
adapted to building purposes. 
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Spates arc much u'sed for roofing Thi^ should \>a 
homogeneous and fine in testure, of uniform elea\a^e tree 
from pyrites, impermeable to water, and sufficiently tena- 
cious to allow perforation-, foi nailmg them &uch slites 
are found in the older stiatifled senes of roots 

346. Minerals useful for othei purposes ire found in 
various rocks. Sulphate of Jjinf or (rj/p/,um, extensively 
used for forming stucco, taking cista, etc , is fjund la the 
Transition, Secondary, and Tertiary stic' 

Steatite or soap-stone, eraplojed rs tne itoncs ti line 
furnaces and stoves, is soft, miy be sawn, and turned m a 
lathe; a compact varietv of it, called pot stone, is wi ought 
into culinary vessels in Italy This rock Oi-cuis among the 
oldest strata. 

Salt — chloride of sodium — is frequently found with 
gypsum in the New Red sandstone, but occura also in other 
strata. The remarkable deposits m Poland and Hungaiy 
are in the Cretaceous or Upper Seconda y tl n n n 
Poland have been worked since A. D. 1 51 and a t - 
mated to contain sufficient salt to supply th w id f r 
many centuries. Hills of salt three hnnd It f hun- 
dred feet high ai'e found in the Cretaoeou t ta t C ird a 
in Spain ; but the Catalonian deposits are in the Tertiary. 
Some salt lakes are at the present day producing deposits 
by evaporation ; as exemplified by the Dead and Caspian 
seas, the lakes of Northern Africa, and the G-reat Salt 
Lake, which is situated upon the flanks of the Rocky 
Mountains at an elevation of four thousand two hundred 
feet above the sea, with an area of two thousand square 
miles. The brines from which, most of the salt in tho 
United States is obtained, come from below the coal. 
Forty gallons of the New York fiprings yiold a bualinl 



H,,.i,.d.y Google 



"■211 PRACTICAL GEOLOGY 



it salt Rock salt lia& lei-n found m Virgini-i ind in 
Oregon 

347 Olai/, consisting of alumim in ] =ili(,a owls its 
plasticity to the former ingredient , it results firm the clia 
mtegiation of feldspar and sUte rocks, anil is found piia 
cipallj in the Tertiary ind Diift It is often mixed with 
tlie carbonate of lime, nia^ne'iia, and the oside uf iron 
Clay used for maiing bnoka, gpnerally containsi a pirtiou 
of the hydrated oxide of iion, which is decomposed when 
heated forming rel oside of iron, and impaiting ifa coloi 
to the hiick , some elajs, howevei, contiia no iron, and tlio 
bucks madi, of them are f a light color, as is the case 
with thosp made at Milwaukie, Wisconsin Clay for fiie 
biiiks should contain no iion, magnesia or lime, as those 
iBgieditnts impart fusibility, auch clay is tound in the 
leitiary and m the Goal formation Pipe flai/ or Poltei s 
day aie pure varieties and consequently white Purceluin 
dat/ or A aolm IS decomposing feldspit which mixed with 
silica, lime and anchjuged ttllspai, pioduces beautiful 
specimens of earthenwJie, some of which are lianslucent 
porcelain The kaolm occurs in extensive beds m gi mite 
locks The fec\Tes> ware made in France consists of iisty 
five paits of kaolin, twenty of feldspar, ten of flint or 
quaitz, and fivo of chalk The China ware contains more 
quaitz And is more glassy. 

Fuller's earth is composed of silica, alumina, lime, mag- 
nesia and the oside of iron; it baa a soapy feel and is used 
for removing grease from woolen cloths. 

348. Sand is usually grains of quart/, mixed with 
grains of mica, feldspar, oside of iron, etc, Sand is es- 
teusively used in the manufacture of glass, which is a 
transparent, fusible compound of quartz — silicic acid — and 
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potast or sodji ; tlie oxide of lead and lime are sometimes 
added for glass of different kinds. Sand for the mannfao- 
tuve of glass should be purSj especially free from the ox- 
ides of mefals, which impart to it deep colors ; the eolor 
resulting from one metal may sometimes be discharged by 
another, as the green color resulting from the oxide of iron 
is removed by the oxide of, manganese. Bods of sand 
adapted to this purpose are found in the Tertiary Drift and 
illmium Tint which is obtamed by pulvenamg sand 
stones IS aps to contain a troublesome amount ot iron, or 
other impuuties Sand used for moitii should bi. line and 
ot sharp gilt 

340 Qmci-hme, used foi mortar, for purifying coal 
qIS and syrups foi terfiliKing land, and foi vainu^ other 
imposes, la obtained fiom limestones, by expelling the 
aibLnic acid by huat The puiest marbles furnish the best 
1 me but some impmities ire n')t detrimental t it for oer 
tain puri ses The ^tiength of mcitar depenls upon the 
i imation of the ohemica! comp unJ of lime sihca and 
water an 1 is not necessaiilj imj. xiied by the presence of a 
smill poition of lion oliy %m The iich oi fat 1 mes 
dDubletheii volume lu slakmg and absorb ncaily three 
bundled pei cent of then weight ot watei the ^oor limes 
lugment then vol ime slightly m slaking and absorb about 
two hunlied pei cent of their weight of watei 

Mjdi aidic hme \s distinj^uished by forming a mortat 
which seta unler watci and consifta of silica lime alu- 
mina magnesia, and frequently the oxido of iion the last 
jngredieat is deemed undesirable foi most pui poses to which 
this lime IS 0,1 plied Prof Beofe gives the composition of a 
variety of this substance extensively used m the &tate of 
Xiiw York as follows ; carbonic acid 34 20, lime 25.50, 
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magnesia 12.85, silica 15,37, alumina 9.13, and perox- 
ide of iron 2.25.* Hydraulic limss are not uniform in 
ttieir composition. 

Parker's Cement, formerly patented in England, consist- 
ed of fifty-five parts of lime, thirty-eight of alumina, and 
seven of oside of iron. It was obtained from tbe seplarm 
found in the argillaceous strata of the Oolite and the 
Tertiary. Other septaria forming excellent cements differ 
in the pi-oportions of their ingredients. Greater caution is 
requisite in burning hydraulic lime, since it is fusible, and 
the heat applied to the common lime will vitrify this sub- 
stance and render the process quite imperfect : common 
lime will bear a white heat, but the calcination of hydraulic 
lime is not well effected above a red heat. 

FnxxvaliMa, a volcanic tofiioomposed of silica, alumina, 
lime, magnesia, soda and osides of several metals, forms 
with lime and water a strong hydraulic cement. The 
strong cement used in the coustraction of the Eddystone 
lighthouse was made of equal measures of puzzuolana and 
blue lias lime, slated into a powder; it set slowly but very 
firmly under water. The ancient Romans used puzauolana 
in their mortars, but the cement of their structures found 
in England and other parts of Europe, whose hardness 
after the lapse of centuries excites the admiration of archi- 
tects, consists of lime, sand, pounded briok or tile-dust, 
and wood ashes; it is of a reddish color, and contains cav- 
ities lined with crystals of carbonate of lime. Artificial 
puzzuolanas are made by mixing clay with lime ; pipe clay 
and lime after burning will set into a very firm cement, 

850. Buhrstonc,\\saA almost esolusively for millstones, 
is a cellular variety of quartz, and owes its value for this 

« Report on the Miiicnilo-y uf Xcw Vovk, p. 7H, 
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ified rooks ; aa tbe older marls are highly indurated, those 
wbicli ai'e available are confined to tbe Tertiary and Al!u- 
vium. The principal deposits are beneath ponds and peat 
swamps. TLe name is sometimes improperly applied to the 
groensand of tbe Cretaceous fomiation, which owes its fer- 
tilizing quality to the alkalies it contains, and not to lime 
or clay ; but the chalk marl is very largely calcareous. 

352. Geology is second only to Chemistry in tbe 
amount and importance of the aid it renders to scientific 
Agriculture. " The geologist," says Prof. Johnston in bis 
Lectures on Agriculture, " can best explain the immediate or- 
igin of the several soils The cause of the diversities which 
even in the same farm, it may be in the same field, tbey not 
unfrequently exhibit ; the nature and differences among 
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the sulisoils, a,nJ the advaniages whiuli may be expected 
from breaking them up or briDging them to the surface." 
Intelligent practice of the art of Husbandry is based upon 
a knowledge of the constituent*. — organic and inorganic — 
of the crops to be raised, and of the ingi'edients of the 
soil, which are also both organic and inorganic. These 
iflust be adapted to each other. All plants derive the ma- 
terials of their growth from tlie earth and atmospheie ; they 
have not Ihe power of creating any element, but their 
chemical composition is a perfect mdex of thtir food. All 
animals obtain their subfcistence from vegetables, or fiora 
other animals which subsisted upon the products of veget- 
ation, so that all organic matter is derived from the inor- 
ganic — mineral— liiag J om, through the medium of veget- 
ation. After death all animal and vegetable substances by 
putrefaction return to the earth and atmosphere, from which 
they originated, to be again absorbed by growing plants and 
furnish food for animals; thus exemplifying that great 
principle of instability by which the stability of nature is 
secured — that cycle, the mineral, vegetable and animal, 
through which particles of matter are incessantly passing. 

353. The inorganic part of soils consists of two classes 
of substances — the salts, which are soluble in water, from 
which plants obtain their saline matters, and which consti- 
tute their ashes when burnt; and the insoluble earths,, 
which form the great bulk of most soils. 

The principal soluble saline ingredients of soils, are iron, 
sulphates of lime magnesin and soda, nitrates of potassa 
soda and lime, phosphates of lime and magnesia, and chloride 
of sodium— -common salt. The carbonates of lime magnesia 
and iron, are soluble in wat«r charged with carbonic acid. 
The rarious saline substances are not all found in the same 
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soil : one soil may contain sodii and be deficient in the salts 
of liiae ; another may be supplied with the phosphates and 
be destitute of the sulphates. If some of these ingredients 
abound and the others are deficient, the soil will be favora- 
lile to the growth of certain plants, and unfavorable to oth- 
ers. The amount of a salt in a soil is oftentimes ¥«7 
small, and might be deemed too insignificant to furnish 
food to plants, but a single grain of saline matter in every 
pDuad of soil a foot deep, is equal to fiye bundled pounds 
to the acie The salt, found in a plant howovii minute 
tht pantity, is indispensable to its giowth — without it 
the soil IS for that pi in t sterile Ihese ■^alts -uc demel 
fiom the minenl misses of the s il The witei pci o 
Kting thrDugh suth soils holds them m solutuu, they 
deeimpose noap-i ind heni'e are iiid to rcndei tbe wittr 

354. The other class of inorganio constituents of soils 
is the ear/Ill/, making ordinarily ninety per cent, or more, 
of the whole. It embraces three principal ingredieiita. Sil' 
iea, in the form of sand; alumina, mized or oomhined with 
sand as day ; and lime principally to the form of carbonate, 
as limestone or chalk. Soils are named according to the 
proportions in which these are mingled. Ae rl n John 
ston, one hundred grains of dry ordinary s ! n n ng 
only ten of clay, form a sandy soil; ten to f y g a ns of 
clay make a sandy loam ; forty to seventy, a, I ny 
seventy to eighty-five a day haw, ; and from e gl j fi o 
ninety-five a strovg day, fit for bricks oi Is A 11 
land rarely contains more than from thirty to thirty-five 
per cent, of alumina. If a soil contain ten per cent, of 
the carbonate of lime, it is called calcareous, and if it has 
'more than twenty per cent, of it, it is c 
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The oside if iion forms two oj fhr^e pel cent of bandj 
soils, and in red soils much more 

Sihcn, presents itself in soils ss sand, small fiaginents 
of the minenl quirtz one of the Lonstituents of the gian- 
iterocks, oi combined with aikiline and eaithy hiae*!, as 
silicates of potassa, lime, alumina, etc The feldspni of 
gianite yiilds it in the form of silicates of ilumina and 
potassa The sih(,ates aie slightly soluble, dissolving no 
faster than the necessities of plants demand, heni-e they 
are not lApidly wihh«d out of the soils, 8'' are some soluble 
myedients Silica is found in eoilt, in ■saiiuhle piopir- 
lions, but usually predominates over all the othei consht 
uents &ilica is contained in tlit stems of plants, c=pcciaUy 
of the grasses 

Clay consists of the silii,ate of alvmma, mised with 
UDComhmpd alumina and silica It is denved from the 
abrasion of the slate rocks ind tiom thi, feldspar of granite. 
Its most sti'iking property is its adhesiveness; soils are 
close and compact in piopoition to the quantity of elay they 
contain. When it predominates, it constitutes the heavy 
cold clay land, requiring under-draining, and sometimes the 
addition of sand to render it fertile. It retains manures 
well, being almost impervious to water. Clay soils exhale 
a peculiar odor called argillaceous, when they are brealhed 

Xdme exists in soils inveiy variable quantities, as frag- 
ments of limestone disseminated with the other materials, 
or held suspended or dissolved in water, as the carbonate, 
sulphate, or phosphate of lime. Lime is not found pure 
or caustic in soils, and if it is applied in this state, it soon 
loses its causticity by the neutralizing power of the va- 
rious acids it encounters. 
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355 The ivheoil la of various charQcters n 'iom 
cases coujisting of porous sand oi giavel, in othpis of i 
hglit loam 01 \ atift eUy A atiatuni of theae mateiiils, 

t Tiiiatle thickness cementpd by thi, salts of lime and 
iron, and indurated is called the hAtrdpan 

356 The oii^an J jnition of stila consists of the am 
Hial and vegetable substances found m them, which aie 
either tiip lelics of ancient animated fjrma buned in the 
locfcs, or mote ftequently the decaying bodies of plants 
tnd animals of the piesent penod G-eoIogj leads us to 
the piesumption that in the eoily history li our globe, 
mineral mattei existed alone ind thit ivubsequentty the 
Tieatnr introducei yanous races of plants which drew the 
elements jf their matter tiom the nuneial kingdom The 
pUnfs fiist introduced were simple in then organisation, 
and capable of hying upon the elements of an watei an 1 
minBial silta, without iny preMouslj organized matter 
foi their nutrition They wcie cryptogaraous, floweilesa 
flints, like the sea weeds and mosses ot the jiesent di,y 
fhese plants haying ^rown and died furnished b\ their de 
avf the oif,aiiic matter ntces^ary for the nutiition of the 
mDre highly organized fioweimg plants buboequenfly intro- 
duced. The plants which are cultivated in Agriculture are 
the flowering ones, for these only bear seeds ; soils therefore 
must contain some portion of organic matter for their 
nutriment. The quantity howeyer yariea greatly : in peat 
soils, it forms from fifty to seventy per cent, of the whole 
weight; in rich meadows it may amount to twenty per 
cent., but the proportion is generally much smaller. 

Oats and rye will grow in a soil which contains only one 
or two per cent, of organic matter; barley with three per 
cent.; while good wheat soils require from four to eight 
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per cent Organic nittfcer alone will not produce a fertile 
soil, the moiganic, caithy and saline ingredients iimst be 
present It mast also have iindergoBe decomposition : if 
it la secluded fiom the oxygen of the air it will not decay 
and yield up its elemsnts the appropriate nutriment to sur- 
rounding plants ; a peat hog covered with stagnant water 
yields very little nutriment to other plants, hut exposed to 
the air and mixed with ashes or other substances yielding 
alkalies, it becomes a very efficient fertilizer. 

357. The origin of all soils is in the disintegration and 
decomposition of rocks, produced by the mecbanical and 
chemical agencies of water, air, etc. The amount of soils 
furnished by groups of rocks depends upon the composition 
and structure of the rocks. Many slates and abaly lime- 
stones and sandstones disintegrate rapidly, through the 
influence of water and frost penetrating between their 
laminje. Limestones suffer constant loss of materials by 
the solvent power of rain water holding carbonic acid in 
solution. The presence of alkalies in the feldapai and 
mica of granite and gneiss, greatly facilitate thp dismte- 
gration and decomposition of those rooks. Calciferous 
sandstones are liable to decay by the solution of their lime 
leaving the sand ; much of the lime passes through, the soil 
and accumulates in the subsoil or hardpan. Rocks which 
contain metals or metallic compounds which readily suffer 
chemical change by exposure to the air, are disintegrated 
with great rapidity : this may be exemplified hy pi/rites — 
sulphuret of iron — which is fi-ec[uently found in roeka 
especially the slates ; the sulphur unites with the oxygen 
of the air, forming sulphuric acid, and the iron with oxygen 
producing the oxide of iron, which by combination with 
(Iiii iic-id hn-uK iiiilpliiitfl of iron or copperas. The sulphate 
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t II a fXi''h hmg in water the rocL Iccones poi us inJ 
cnimWea flowiDg ler liratstone rocliS it detumpDse" 
them pioducmg suljihate of iime oi gypsum or if it 
comes m contait with the fellspar of giainte it deeom 
poses that mineral f imin^ with its joliss tie ulph te 
of potasiia depositing its oxide of iion in thp f d m f i en 
rust 

The /) iLhon of talhng water wears the locLs wh oh 
are subjected to ifs ij,ency 

Ve-jetahles undergoing decomposition ^eni'iate a(,ids 
■whioh act &hemii,ally upon the rooks f^rm ng soluble alts 
with their alkalies and earths living -vegetables also exeit 
a poweiful influence upon the rneks mosses anl lii-heoa 
growing up n baie ^ramte r oks ^^S3lblng th ii soluble 
paits lecomjcse and dismtcgiate them 

35*^ 0\er extensive aieis the soil i" derived direitly 
from the louk upon which it ie=ta it howevei diftera 
somewhat from the rock in c mp siti n analysis si ws 
that fiagments of locka espos d to atmosihuiii- influence 
lose a pait of then soluble matter so (1 at then d hii is 
composed if a laig^'r pioportion of insoluble pits But 
great ma'ises of soil havt, bi-tn tiansp"ited fi m the 
localities in which they weic foim d bv the agi-ncy of 
ourrentb ot watei either alluvial or eseited on i large 
scale in the d ft commingling the soils frim vaiioua locks 
BO as to rendei the earth moie unifoimly fertile by a 
mixture of various ingredients, which is known to produce 
u favorable result. Dnft soils are recognized by their 
heterogeneouf, character, and by their pebbles, sometimes 
called cobblestones, consisting of water-worn fragments of 
the hardest rocks. 

359. Soils arc usuallv classified in accordance with the 
24* 
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pn,doni:iiaiief of some tlement, as siinl\, argillaceous, 
loam, etc , Tmt eome wiiters bai^e thi-ii chssification on 
their fitness for cert«iin crop's, aa wheat districts, com 
diatticts, etc, or on the geologioil foimations, in whiLh 
caie eith diafrn-t is undeilaid hj tliaracteiiotK, rucks 
Prof EmmoD'!, in his Repoit on the Aguculture of the 
State of New YoiL divides the State into six distucta 
coinciding with SIS groups of rooks, which impart to the 
scils, m a good measure, their distingnishmg chaiaoters 

360 boils denyed fiom gtamte nnd ff^iew: contain the 
eaiths and salts requisite for a high degree of feitility, but 
they are often too silicious and porous, and their value 
depends upon their pOBifion and the nature of the subsoil. 

Syenitic and Hornhlende soils contain, in addition to 
the usual constituents a large proportion of the oiide of 
ii'on, magnesia, and the oxide of manganese, and are quite 
fertile. 

The soils derived from Trap, Greenstone and Basaltic 
rocks also contain a large per centage of lime, magnesia, 
and iron, and are highly fertile. The Lava soils, whether 
trachytic or augitic, owe their remarkable fertility to the 
large quantity of alkaline salts they contain. 

The slates produce a variety of soils, in many places 
thin and poor, but in others deep and capable of being 
made good. 

Oalcareovs or litnestone soils are also very variable in 
their quabty , those which contain magnesia or iron are 
fertile 

Sandstone soils require the admixture of other sub- 
Btances, especially clay, to make them adhesive and fertile, 

Attuiial soils aio generally rich, consisting of flue 
diviltd mitici thoioughlv commingled ; they are found 
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the inoutts of rivers, and in tiieir Tailej , and are fre- 
quently called bottom lands. 

361. The art of maiataining an uninterrupted fertility, 
or renovating an exhausted soil, consists in supplying ihoso 
ingi'edients, mineral and organic, which have been removed 
in the crops. The earthy and saline aubatances may fre- 
queatly be obtainedby subsoil ploughing, thus forming the 
Laiths md ailts by the agency of thi osygen of the air 
upm the maoluUe mineials of the subsoil, or they may 
be imported fiom othei loc-ilities nnd applied aa mineral 
inanuiea oi feitihaei-o such as gjp'.um mail or lime 
Many deoaipisable shales cnntaiuinj, iion pyiit«3, mixed 
with lime pio luce ypsuni and constitute esccllent ferti 
hzorh A defieiencj of organio mittei must be supplied 
by tuminj; into the soil green oropa which have drawn 
much of then eaibon from the earbonn acid of the an or 
by the application of decaying aniniil oi vej,(,talIo sub 
stances obtained fiom other soutLes 

SC2 Diaipajeii indiipen=ible to successful agiii,ul 
tare where the witei of stiff claj lands oi swamps is le 
taiced by impervious subsoils laelmed stnti, or dikes 
Geology aids in eftecting the diimage either aupeificial oi 
deep, by indicating the genera! laws which ajpeitain to 
dikes and strati and their permeability to water 

363. Not only la the physiognomy of a country influ 
enoed by the different outliae.s which the various geological 
formations impart to it, but its scenery is greatly modified 
by the different kinds of vegetation, whether indigenoua 
or induced by cultivation, which the various soils sustain. 
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THE HISTORY OE GEOLOGY 

364 Weology 13 ne of the mwt letxnt hianch s of 
physical =cn,iipe but little moie than half a centui^ 1 t 
elafsed since it waa eleiattd trom the state of ab&uid 
hypothesis ind wild speculation to the lanl of an inductue 
scienw,, bated upon aocunte obsei'Vition t facta Tho 
earhei cosmogoniea weie altogtthei fanuful ind m !>om 
instants nli(,uloiis Some of the jnoient philoscph i 
however appear to h^\e ijiiehended eoiTeetly the oii^m 
of manj geoljycal jhen mem Pyth'igoii^ lecc^nisel th 
opeiation of the esjsting causes if change m the eiith i 
the w;,n.img away if the oasts, and the form'vtion of lUu 
viul deposits by maiine cuirents and waves the geogi i 
phci Stiabo was commeel by finlmg fossil shelh fai 
1 ove the sei leyal, that pwrta of the earth had been laisi, 1 
Vy lolcanic agt,neY 

o(j5 The numerous perfect fossils of Italy eirly ex 
cited a spirit of inquiry respecting their origin. Irom the 
oommenoenient of the sixteenth century, two questions 
regarding them were discussed at great length, viz.. flrst, 
Whether they ever belonged to living beings, or were mere 
semblances of animals and plants ; and secondly, If they did, 
whether they were overwhelmed and imbedded in the reeks 
by the deluge of Noah, By some writers, fossils wci'o 
thought to be "lugus naSurse," (sports of nature,) tlic rcsult'> 
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of tke opoiiitions of a materia piiigms, "fatty matter" 
found in some parts of the earth, fermeoted by heat; and 
others, in an equally unintelligible mode, ascribed them to 
"tumultuous movements of terrestrial exhalations." These 
unprofitable discussions were continued for more than two 
centuries, and in England assumed a theological cast, some 
writers contending that the Scriptures contain a perfect 
system of natural philosophy in detaU. One of tho trea- 
tises oharaotei-istic of the age was Eornet's "Sacred Theory 
of the Earth ; containing aa account of the original of the 
Earth, and of all the general changes which it hatli, already 
3 to undergo til! the consummation of all 
1 A. D. 1690. Of thia work Sir C. 
Lyell remai-ks, " Even Milton had scarcely ventured in Ms 
poem to indulge his imagination so freely in painting scenes 
of. the Creation and Deluge, Paradise and Chaos." It 
was, however, at the time regarded as a work of profound 

366. In A. D. 1775, Werner, a professor of mineralogy 
in the School of Mines, in Grermany, commenoed toaehing 
that all rocks, unstratifled as well as stratified, were deposited 
by water, that all formations were universal, and that veinK 
were filled by precipitation from aqueous solutions. This 
was denominated the Neptunian theory, from Neptune, the 
god of the sea. Abortt the same time, Eutton, a geologist 
of Edinburgh, published his theory of the earth, ascribing 
the origm of all rocks to fire or heat. The melted locks, 
after consolidation, he supposed, were abraded by the action 

• For an ftdmirable skedih of ancient cosmogonies aod " Theo- 
ries of the Earth," oonsult "Lyell's Principles of Geology," Book 
I, Chapters 1—4. 
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of water, and deposited as strata, through, whieli igneou? 
rocks often protruded ttemselvea, producing the effects of 
heat on the surroimding maasoa. Continents, he supposed, 
were elevated hy volcanic agency, aad veins filled by injec- 
tion of melted matter from beneath. These alternations 
of fusiouj consolidation, abrasion, and deposition, may he 
repeated, and geology gives no intimation of the time when 
the aeries of clianges commenced. Tliis view of Hntton 
was designai«d the Plutonian tlieoiy, fi-om Pluto, the god 
of fire. While geologists were discussing the merits of 
these rival hypotheses, Mr. William Smith, an English 
surveyor, having explored the whole country on foot, with- 
out the guidance of previous observers, published his 
"Tabular View and Map of England," in which he ex- 
hibited thb order of fie various strata and the relations of 
their fossils, thus accomplishing more for science than had 
been effected by centuries of discussions. 

367. The excess of theoiizing on the subject indnced 
disti-ust of all systems, and led the Geological Society of 
London, formed in 1807, to devote itself to the acoumrJa- 
tion of accurate ohservationa : the success attending these 
efforts soon rescued the science from the imputation of 
being a visionary pursuit. The recent rapid advancement 
of geology is due in no small degree to the progre^ of the 
eollatei-al branches of science — botany, zoology, and com- 
parative anatomy — since the palteontological characters of 
rocks are much more reliable indications of identity or 
diversity than the mineral characlBrs. 

368. In America, Mr. Maelure, having explored a 
large part of the United States, in 1810, published hij 
" Observations on the Geology of the United States," 
giving the first sketch of the distribution of the stratified 
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rooka of this couuti'y, rcferreii to the Europeaa standard. 
Professor Eaton surveyed tiie rooks on the line of the Erie 
eanal, through the State of N'ew York, and published the 
1 1824. The same year commenced a series of 
I surveys of states by legialatiTe sanction, which 
Las progressed uatil two-thiriiis of all the states have heeu 
completely or partially surveyed. Besides accomplishing 
tte primary design in developing the natural resources of 
the states, these surveys have aficumulated an immeuse 
array of aeourate observations for the general advancement 
of science. By comparison and generalization of these 
i-esults, a highly satisfactory view of the geology of this 
country may be obtained. The spirit of independence of 
European classifications, and the determination to develop 
the rooka as they are, rather than to identity tkem with the 
sub-divisions of foreign systems, which have characterised 
these surveys, have obviated some of the hindrances which 
retarded the progress of the science in this country. 

369. Although Ckology is by no means complete, sinoo 
in no science are facta more rapidly accumulating, and 
theories and systems are but expositions of the present 
amount of knowledge on the subject, still its i 
array of facts and legitimate deductions constitute a 
as well established as is Chemistry or Astronomy. 
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RELATION OF GEOLOGY TO KELIGION. 

370. It is not customary ja elemeatary treatises on 
branches of physical science to exhibit their relations to 
morals or religion, since it is the office of other branches 
of human learning, as natural theology, to treat specifically 
of those relations in detail. All science has such relations, 
since it is an exhibition of the laws which the Creator has 
established over matter, illusti-afive of his power, wisdom, 
and benevolence, and religion consists ia a linowiedge of 
the Creator and the exercise of those affections which such 
knowledge enjoins. The science of Geology has, through 
misapprehension of faets and opinions, been regarded with 
jealousy, as favorable to infidelity and even atheism, teach- 
ing the eternity of matter, its self-guiding and renovating 
power, and dispensing with a Deity in the creation and regu- 
lation of the world. 

371. On the contrary, those who, with competent Itoowl- 
edge of the science of geology and the art of interpretation, 
have carefuily esamined this subject, confidently assert 
that no other science furnishes an equal ntunber of stsilriag 
illustrations of natural and revealed reli^on. 

" Shall it then any longer he said," says Dr. Bnckland, 
" that a science, which unfolds such abundant evidence of 
the being and attributes of God, can reasonably be viewed 
in any other light than as tlio efficient auxiliary and liand- 
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maid of religion ? Rome few thero still m[iy le, wliom 
timidity or prejudice, or want of opportunity, allow not to 
examine its eTJclence ; who are alanned by tJie novelty, or 
Burprised by the extent and magnitude of the ■views which 
geology forces on their attention, and who would ratlier have 
kept closed the yolume of witness, which has been sealed up 
for ages, beneath the surface of the earth, than impose upon 
the student in nataral theology the daty of studying its con- 
tents; a duty in which, for lack of experience, thoy may 
anticipate a hazardous or a laborious task, but which, by 
those engaged in it, is found to afford a rational, righteouSj 
and delightful exercise of their highest faculties, in multi- 
plying tlie evidences of the existence, attributes and provi- 
dence of God." 

" Let not the Christian divine refuse the aid offered by 
physical science. Let him no longer indulge groundless 
jealousies against true pbiloaopby, as if adverse to religion 
Especially let him not spurn the aid of geology, which aiont 
of all the sciences, diseloses stupendous miracles of creation, 
in early times, and thus removes all presiunpiion against the 
mii'acles of Christianity and special providence at any time. 
It is indeed an instructive fact that a science which has been 
thought so full of danger to Christianity should thus early 
be found vindicating some of the most peculiar and long- 
coutested doctrines of revelation. And yet it ought not to 
surprise us, for geology is as really the work of God as reve- 
lation. And though, when ill understood and perverted, 
she may have seemed recreant to her celestial origin, yet the 
more fully her proportions are develojed, and her featurea 
brought into daylight, the more clearly do wo recognize her 
alliance to every thing pure and noble in 

* President Bitclisock's Religion of Geology, pa. 
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372. Geology manifests the vmiformity ot nature's laws, 
oarrjiog back their operation indefinilely into the past, ex- 
hibiting that unity of design which characterizes the present, 
extending through aJl periods of the world's history. It re- 
recogniaea the agency of those subtle powers, heat, light, 
electricity and chemical attraction, regulating all the changes 
tliat occuri'ed in the constitution of bodies in all ages. The 
structure of all the fossil forms of animal and vegetable 
bodies, shows the prevalence of the present anatomical and 
physiological laws, in organic systems long since extinct, and 
lints them all into one grand, harmonioiaa system, worthy 
of the great Contriver. All the proofe of power, wisdom, 
and benevolence evinced at present, in the adapbition of 
animate beinga (o the circumstancea in which they aie placed 
by the Creator, are discernible in all periods of fossil botany 
and zoology. Their deviations from the present races in 
form or size do not render them anomalous or monsti-otia. 
"The animals of the antediluvian world," says Sir Charles 
Bell, the distinguished anatomist, " were not monsters; there 
is no lums or extravagance. Hideous as they appear to us, 
and like the phantoms of a dream, they were adapted to the 
condition of the earth when they existed This unif rmity 
in the structure and ht n f pa ts of anunated frames, 

and the adoption of an 1 g us m an fot vanoua ends with 
such deviations only aa th d ty of encumsfan&os in 
which they were plac d ^u e 1 show the immutable wis 
dom and benevolenc a w II the unity of design tf the 
Creator. 

373. Although geology does not account foi the origin 
of matter nor aid us in forming a conception of it a oieation, 
it does exhibit modifications of it, whose J 1 diff oiandr gu 
lation require t!ie intervention of a Deity, Tl'.c appnavance 
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of tie yarious vegetables aad animals in successive periods 
caa not he accounted for independently of ci-eative power, 
and we know of uo suoli power other than the Deity, since 
the development hypothesis is geologically demonstrated 
(§ 138) to ho false. 

374. The instances of special adaptation of means to eada 
with reference to tie welfare of the present races of animate 
heings, pai-tioularly of man, are nnmerous. Such are the 
inequalities of the earth's surface, produced by energetic for- 
ces acting from below, which cause the circulation of water 
and prevent universal stagnation and death ; the production 
of soils adapted to sustain vegetable life, by the violent 
agency which has disintegrated the i-ocks and commingled 
their fragments ; the protrusion of metals from deep recesses 
to accessible positions in veins; and the accumulation and 
wide diffusion of the useful minerals, rock-salt, coal, 
marble, &c. 

875. Geology coincides with other sciences in expand- 
ing our views of the grandeur of the Universe and the plans 
of the Deity. The microscope discloses to us myriads of 
living beings in a di-op of water, the number increasing witli 
the power of the instrument. The telescope reveals the 
existence of innumerable suns at such distances from us that 
their light — though traveling at the rate of two hundred 
thousand miles per second — requires thousands of years to 
come to our world. So Geology, instead of limiting our 
contemplations of the history of our globe to the past s s. 
thousand years, carries us back into the d fin e p 
■' developing a plan of the Deity respecting f j a ■at a 
and use, grand in its outlines, and beautiful in its exe t on * 
376. The correct interpretation of the Mosi o ■wco nt of 

* nitaliQooli. 
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the Creation haa been the subject of much disoussiou. Until 
recently, the commonly received opinion respecting it haa 
been, that it taught that the universe began to esist about 
six thousand yeai's ago, and" that its creation was aceomplish- 
ed in six literal days. Geology teaches that the world has 
existed for an indefinite period, much longer ; hence arises 
an apparent discrepancy, and it becomes eminently desirable 
to ascertain which interpretation is correct. Much of the 
difBcidty on the subject has arisen from the peculiarities of 
style and modes of description used in these ancient writings, 
■which are not only not such as are used in scientific treat- 
ises, but not such as accord with the state of knowledge and 
prevalent opinion of the present day. The writers of the 
Old Testament, says Kr. J. Pye Sfnith, use " language bor- 
rowed from the bodily and loeiitai constitution of man, and 
from those opinions coneeming the works of God in the na- 
tural world, which were generally received by the people to 
whom the blessings of revelation were granted." They de- 
scribe natural objects and events as they appear to the eye, 
which is not in accordance with their real nature; they 
speak, says Eoaenmuller, the eminent Gernian commentator, 
" according to optical, and not physical truth." Similar dis- 
crepancies occur in the scriptures with reference to asti'onom- 
ical, physiolo^cal, and chemical phenomena. The Creator 
did not design to anticipate the discoveries of science, and 
correct the eiToneous views entertained on these subjects 
by the people to whom the revelation was addressed. 

377. Several attempts have been made to correct the 
interpretation of the Mosaic account of the creation, so as to 
make it aecord with the established rules of philology and 
the facte proved by geology. Nor are attempts of this kind 
confined to this topic. Commentators on ancient writiDgB 
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seek all the light whicli science, tistorj and antii^uities sKed 
upon the subject of their investigations; in repeated instan- 
ces have modem discoveries, in geography, botany, miner- 
alogy and other branches of science, essentially modified th& 
interpretation of passages in such writings. The same term 
may convey opposite meanings to different readers. The 
terms elements and combustion had for the ancient Jew an 
import difierent from that which the chemist derives from 
them. A term is used in the twenty-sacond vei-^e of the 
second chapter of Jeremiah and iq the twentieth vei-se of 
the twenty-fifth chapter of Proverbs, which is tiinslated in 
the English version mfre; the nitre of modern chenuatty is 
the nitrate of potassa, which woald render the passages 
cited unmeaning ; but if the nitre of the Jews was the car- 
bonate of soda, the term is apposite and forcible. The pro- 
priety of such use of .science in interpretation is sanctioned 
by philologists. "If I am reminded, in a tone of animad- 
version, that I am maMng science in this instance the inter- 
preter of Scripture, my reply is that I am simply making 
the works of God illustrate his Word in a department in 
which they speak with a distinct and authoritatiTe voice; 
that it ia all the same, whether our geological or theological 
investigations have been piior if we have not forced the 
nc into accoidance with the othei * Dr. Hairis also, in 
his Pie Adamite Eaith, icmarki, ' it might be deserving 
cousiderdtion, whethei oi not the conduct of those is not 
i:pi,n tp )ust tmmadvei'fion, who first undertake to pronounce 
on the meanm^ of a paaiage of Sciipture, irrespective of 
all the appropriate evidence, and who then, when that evi^ 
douce is explored and produced, insist on their <t prion inter- 
pretation as the only ti-ue one." 

if Davitlson's Saci-ccl Hermeneutics qiiotcil by Piesiilent Hitchcouk. 
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37s Assuming, as to evei} genlogjst seems reiisonaUe, 
tliat the pencil ut about sixteen hundred yeara intervening 
hetwpen the Cteatinn and the Flond was inadequate to the 
piwluction of the sfidtified rocts including the remains of 
extinct races of plants and animals , and that the deluge 
was too shoit and entirely unfitted in ite nature, to produce 
those locks, we aieieduced totno principal modes of recon- 
ciling the appiient disciepanoy between the Mosaio and 
Geological acoounta. 

The first of these interprets the word ttoy in Genesis as 
a period of indefinite time, during which several geological 
formations may have been perfected. The advocates of this 
view urge that such a sense is attached to the word in many 
IflBguagea in use, and that it was so used repeatedly, as is 
shown by contests, ia the Old and S^ew Testaments, even iu 
the chapter of Genesis, applied to the subject in question : 
"These are the generations of the heavens and of the earth 
when they were created in the day that the Lord God made 
the earth and the heavens, and every plant of the fields." 
They also argue that the order of creative acts revealed in 
the sacred record harmonizes with that developed by geo- 
logical researches. 

It is obj ecfed to this interpretation that most of the fossil 
races had become extinct when those at present existing 
were introduced, so that if Moses described the fossil races, 
those that now exist must have been created with man on 
the sisth day, which does not accord with the sacred records, 
anc! no reason is shown why the remains of the existing 
races, if they were concomitant with the fossil, were 
not preserved with them. It is also objected that while 
there ia a general resemblance in tho succession of cventa 
detailed in the two accounts, the coincidcnco in the order 
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of latr jdu(,tion of the Viiioiis animiite forma is by no ineaas 
Eiccuiata, '^mfe instead of finding the lower half of the fos- 
silifeioHs ^trdta coatainmg vegetables only, we meet with a 
prepondi ranee of animals 

379. The mode of recoaciling the apparent disorepanoy 
which is most generally reeeired, regards the first verse ot 
GenesB as Laving no immediate connection with the follow- 
ing verses, but simply asseits that in the iudefinitely remote 
past, — "in the beginning," Grod created the universe; then 
passing by an indefinite interval during which all the fos- 
fiiliferous strata, up to those of the present period, were depos- 
ited, the subsequent verses give the account of the introduc- 
tion of the present races; and that this renovation or 
remodelling, not creating, of pi-e-esisting matei-ials was in sis 

Some of the ablest expositors assert that this intei-preta- 
tion is in strict accordance with the rules of exegesis, and it' 
admitted, the appai-ent discrepancy disappeai's. 

Dr. J. Pye Smith has proposed to extend this intei-pro- 
tation, on the acknowledged principle that the sacred writers 
adapted their language to the limited knowledge of the Jews, 
and consequently did not imply by the term earth, the 
entire globe, but thatportionof it known to the Jews, "which 
God was adapting for the dwelling place of man and the 
animals conaeoted with him." This view would obviate to 
some extent a difficulty which arises from the fact that many 
of the races iafioducod in the tertiary peridd long before the 
creation of man stiil survive : some have supposed that these 
were destroyed and s^in ei'eated, which seems quite im- 
probable. This hypothesis of Dr. Smith's coincides also 
with what Natural History teaches respecting the distribu- 
tion of plants and animals, via ; that they have not dispersed 
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from one centre, but have spread from many centres of creation, 

380. If it be admitted that mueh remains to be accom- 
plished before i perfectly safisfactory comparison of geolog- 
ical results with the sacred text is attained, still in the 
present aspect of the case it is unphjlosoptioal to presume 
there is any real collision between them. " It is not neces- 
sary" says Pi-esident Hitchcock " that we should be perfectly 
sure tbat the method which has been described, or any other, 
of bringing geology into harmony with the Bible, is infalli- 
bly true. It is only necessary that it should be sustained 
hy probable evidenee ; that it should fairly meet the geologi- 
cal dificulty on the one hand, and do no Molence to the 
language or spirit of the Bible f n the itbei This is suffi- 
cient, surely, to satisfy eveij philosophical mind that thtie 
is no collision between geology and levelation But should 
it appeal heieaftei, either fiom the djscoienes of tlie 
geiilogist 01 the philologist, that oui views must be sime 
what modified, it would not show that the pievious views 
had been msufiicient to harmonize the two subjects, but 
only that here, as in evt,ry othei depaitrntnt of human 
knowledge, pertection is not -vttjaned except by long con 
tinned effoits' "^ 

381. It has been supposed that a change occurred in the 
constitution of men and animals at the time, and in conse- 
quence, of the apostacy by which they were rendered mortal. 
Such an opinion has been based upon the test — £>/ one man 
sin entered tJie world, and death hy sin. Gfeology, however, 
shows that death had occurred in innumerable instances 
before tho creation of man, while physiology demonsti-ates 

* This whole subject is most fully and satisfaotorilj discussed 
in PreaidenS Hitohoooic's Religion of Geology nod its connected 
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that mortality is a univerenl law of organic beings, requiring 
miraculous interference to prevent its fulfillment. A com- 
parison of Scripture texts clearly shows tliat the death re- 
feiTed to in them is limited to man : — And so deaih paused 
upon an men, for tJtat aU have sinned. This hmitation to 
moral ageata ia also inferred from the text — Sirux hy wian 
came death, hy mom, came aho the resurrection c^f the dead 
382. The helief in a deluge is very general among civil- 
ized nations, and such an event is explicitly described in the 
Bible. To the flood was formerly assigned the origin of all 
the stratified rocks, and still more recently the phenomena 
of the drift were ascribed to ita agency. But Geologists are 
ogi'Ced that no phenomena can at present be identified as the 
result of the historical deluge, ^noe the nature of the agency 
eserted differs, in several respects, and the period of the 
drift was antecedent to the creation of man. Since, however, 
every portion of the strata has been submerged, andiisually 
many times, geology renders the occurrence of Noah's del- 
uge eminently probable, Coiisideratioas derived from 
Natural Histoiy, the great number of species — ^probably 
five hundred thousand — and the amount of food requisite to 
sustain them during the prevalence of the flood, have led 
most writers who have investigated the subject, to the con- 
clusion that the deluge wm partial, not covering the whole 
earth, and it is admitted that the design of the penal inflic- 
tion would have been subserved by such a flood, and. that 
the Scripture writers are accustomed to use universal terms 
to signify large quaiitities. 
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CHAPTER XIY. 



GEOGKAPHICAL GEOLOaY. 

383. By (jLOeraphicil &eology is nadeiatjol tl de 
Bcription of tho structure of paitjcular cbstucta rapluded 
within naturil or political divi^iiona The geology "i many 
countries is very imperfectly known, hut jmpottant deduc- 
tions respecting it m^y he ohtamed from then phywcal 
geography, since the connection hetween the geographical 
features of i countiy and its. geoljgy is very intimnte 
The foi-ms and pfi^itiona of Mountam Chains often fmni'ih 
a satisfactory means of judging of the probable r'vnge and 
extent of certain fjrmations, which have been carefully 
investigated m other ioiahties The geology of i icgion is 
usually complicate in proportion as its contour is bioten 
and irregular, mdicating that it has been subjected to 



384. Asia and Europe form one continent, to which 
Africa may be considered as a peninsular appendage. The 
form of this great continent has been determined by the 
JBimease zone of mountains and table lands which, com- 
mencing on the coasts of Portugal and Barbary, on the 
Atlantic ocean, stretch through a disbince of ten thousand 
miles, to the Pacific ocean, in China and Japan. Adjoining 
this belt on the north lies a vast plain, extending from the 
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s to the remotest point of Asia, with few interrup- 
tions by transverse spurs t a similar plain on the south is in- 
dented bj gulfs and arms of the sea. The desert called the 
Gbeat Gobi ia a plateau of ax hundred thousand square 
miles, eleYated more than four hundred feet above the sea, 
The axis of this mountain chain is granite, though the crest 
of the Himalayas is gneiss and other metamorphie rooks. 
The Silurian strata lie at an elevation of sisteea thousand 
feet above the sea, and mueh more modem strata are also 
found in elevated positions, showing that great geologioal 
changes have oocuiTed over very extensive tracts of this 
continent, in comparatively recent geological periods. On a 
branch of the Altai range, between the rivers Obi and Yo- 
niaaei, are extensive coal beds which, it ia aftrmed, were set 
on fire by lightning, and have continued to burn more than 
a century.* Some of these mountains surpass tho Andes 
in the amount of their metallic products, especially of gold, 
which is wrought in the metamorphie slates near dikes of 
igucoua rocks, and in the alluvium of these rocks. 

385. In Siberia, the Silurian, Devonian, and Perjiiian 
strata have been recognised. More than two hundred 
thousand square miles are covered by the gold alltiviiun j 
and in addition to gold, silver, platina, copper, iron, and a 
great variety of gems arc found. The surface is generally 
undulating, but much of it is flat and low : interesting 
organic remains, as the mammoth and extinct rhinoceros, 
have been obtained from the frozen gravel. 

Tartar^ ia interseoted by four systems of mountains 
with all clafisea of strata, from primary to tertiary, salt lakes, 
deserts, and very numerous volcanoes, extinct and active. 

386 In Thibet, Sindostan, and India, the aummitfl of 
* Somerrille's Physical Geography— page 60. 
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the mountaina are of gneisa auj miea slate, ti'Eii'erscd hj 
granite anil porphyry; these are Bucoeedod by falcoae slatoj 
Umestonea, coal, sandstones of the newer secondary series, 
and the tertiary strata, iacluding mimei-ons organic remains, 
among which, are those of the mastodon, hippopotamus, deer, 
gavial, crocodile, Bivathem;m, and monkey. The unstrati- 
fied rocks also aboand in Hindosfan, which is celebrated 
for its beautiful gems, especially the diamonds of Golconda, 
of surpassing brilliancy and hardness, wtich are found in 
the conglomerate and alluvium. Oej/lon, consists chiefly of 
stratified primary rocks, and is celebrated for its gema. 

SouA-eastem Ada. consists of a range of mountains of 
plutonio rocks, partially covered by slates, sandstones, and 
aliuvium ; they contain gold, silver and arsenic, and consti- 
tute the riohost repository of tin known on the globe. In 
Sumatra, Java, and Borneo, volcacio mountains occur, and 
at their bases secondary and tertiaiy strata. Their mineral 
products are diamonds, gold, tin, copper, and sulphur. 

387. The geology of China is varied, embracing all 
classes of rooks, abounding with metals and prccioiis stones. 
Its alluvial formations are very extensive. In Japan, coal, 
amber and sulphur are found, together with metals. Nu- 
merous volcanoes also exist there 

388. Some portions of I'ersia are mountainous, while 
others are level; others stiU constitute a sandy desert. 
Unsti-atified rocks, paloeozoio, secondaiy and drift deposits, 
have been identified. The white alabaster of Tabreez is a. 
calcai-eoua deposit made by thermal waters near Laie 
Oroomiah; the waters of the lake contain one-fifth of 
their weight of salts. Extinct cratei-a, boiling springs, and 
deproits of sulphur and asphaltum indicate recent extensive 
volcanic agency. 
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889 Tiie geolngy of Arabia j.lso la Vdried by niiuu 
tains, de&eits and fertile plains The locLs neai the Ecd 
Sea and Aialiian (rulf are gijnific Mount Sinii la 
syemfio giinite The valley of the Joidjn is i fisiure 
through which voleamo agency has been cshibitcd, aad m 
which there is extensive suij'<ideiice helow the level ct the 
ocean Mount Lebanon, which ibounds with fossil fishes, 
belongs to the cretaceous fonaatiou 

890 Folynesta conaist^ of a ^oap or band rf island'*, 
volcaiui?, and (oral reefs, which estend iiom the casb^in 
Boast of Asm, with some mtenuptionBj to the west coast of 
Amciiui, mtimiting the esistence of a prolongation of the 
greit coutmeutj but ibghtlv depiessed bcntith the ocliu 
1 vel 

The lochy toasts ff Neu Holland pi stnt gnnite, 
slates, hmebtmes, sandstones, coil, stlt in I Oolite Tie 
fossils of its bmeBtonc caverns and osseous bieocn'* be 
longed to animiJa closely allied to its present fium 



391. European geology is more thoroughlj' iavestigatcd 
than that of any othev quarter of the globe, and many 
designations in the science have been derived from their 
local application in Europe. 

The geology of the Britl^k Inlands is more varied, and 
has been more accurately studied than that of any other 
aiea of equal extent in the world. It presents a nearly 
perfect succession of all the formations, and has been made 
the type or standard of reference for general geology. 

392. The primary rocks of England are confined to its 
western portion, or Wales, where also are developed the 
Cambrian and Silurian formations. In passing from Wales 

26 
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to London, tke rocks rise ia tlie series until wo reach the 
center of the London haain, which is tertiary. The ear- 
honiferous system, embracing estensive deposits of coal, 
extends from the south of Wales to the Scottish border. 
The Newcastle beds haYC been moat extensiTely wrought. 
The Welsh mines yield gold, copper, lead, tin, and iron; 
rock-salt and gypaum. are found aboYe the coal. 

393. Scotland is more mountainous than England, and 
its rocks are principally primary and palseozoio : the islanda 
near its coasts aie of igneous origin, and present splendid 
basaltic columns and eaves. 

The tocka of Irekimd are chiefly palseozoic, with some 
secondary formations : trap rocks cover an area of eight 
hundred square miles in the northern part of the island. 
Its mineral products are gold, copper, iron, coal and peat. 

394. The geology of Prance presents nearly all the 
rooks stratified and unstratified. The secondary, especially 
the Oolitio limeatone, and the tertiary series arc con- 
spicuous, but the carboniferous system ia less developed 
than in England. The great 'platform of Auvergne was 
the theatre of violent voicanio action during the tertiary 
period, and many craters still exist, with perfect forms. 
The valley of the Rhine yields gold; while silver, copper, 
iron, and tin, are obtained in other localities; extensive 
quarries of gypsum, buhrstone, and flint are wi-ought. The 
surface of Belgimn. and Sollamd is very flat, and a portion of 
it is lower than the sea level. No unstratified rocks occur; 
the stratified rooks from the olay-slate ai-e found, including 
some tertiary. Coal-beds and iron mines are wrought. 

395. Primary mountains bound Germani/ on the east 
and south-west. All of the fossiliferous formations are 
represented, including the tertiary ; the drift abounds, as 
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it docs gonovally in Northern aud Central Europe. Tlie 
mineral produeta are numerous, presenting some of the best 
mining districts in Europe. 

Tlie geology of Switzerland is complicate : the central 
asca of tiie Alps, which are primary, are covei-ed by the 
aeeondary and tertiary serieSj the latter i 
at the height of four thouaand feet above the ocean, t 
that these mountains have been recently elevated. 

396. In Sweden and Norway, the older roolca pi-edomi- 
nate ; ehali: and the tertiary are also found, but the drift 
presents tlie miMt atriking features. Gkild, silver, and 
copper are obtwned, hut the iron found in the gneiss ia tke 
most important metallic product. The more recent rooks, 
the wealden, clialk, tertiaiy, and alluvial, compose the 
snrfnce of Denmark, while the igneous rocks, greenstone 
and Liva, ahound in Iceland and the Faroe Mands. 

397. Etisiia and Foland are vast plaina, bounded by 
mouiitwns of primaiy rooka. The silm-ian, devonian, upper 
secondary and tertiary strata oooiir, covered to a great extent 
i)y the di-ift. Deposits of salt with gypsum are found ia 
the permian and terdary strata. 

The numerous mountain ridgea and vast plains of Aus- 
tria present all the varieties of geological formations, and 
mineral products. 

398. Northern Itali/ consists of estensive secondary and 
tertiary plains, sloping from the Alps; Mount Bolca is 
fomons for its fossil fishes. The form of the peninsula tie- 
ponds upon the Apennines which are of limestone, while the 
auh-Apennine hOls are of tertiai'y. The Apennines have 
been elevated several thousand feet since the tertiary perio;l. 
The tracea of volcanic agency are numerous in Italy. The 
mitfblcs of Italy are celebrated for Ihsir heaiity and variety. 
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The mountainous regions of Spain and Portugal con- 
flist of primary and secondary strata, the chalk being found 
at considerable elevation on the Pyrenees. Tertiaiy atrata 
occur together withestinct volcanoes of that period. Rock 
salt is found in the cretaceous strata, and qnbksiiver in the 
clay slate. 

399. The Atlas chain of mountains separates the Medit- 
eiTanoan sea fhun the great desert ; these mountains are 
composed of primary rocks, and the strata on their northern 
slope, in the Barbarff States, ai'o secondary and tertiary, 
into which trap rocks have been frequently intruded, and in 
which salt and gypsum are found. 

Through upper Egypt, Nt^ia, and Abyssinia, occar pri- 
mary rocks, granite, porphyry, syenite (so called from S jene) 
and limestone; drifting sands from the desert have en- 
croached upon these temtories, while extensive alluvial de- 
posits have been made by tha Nile in lower Egypt. 

40 J. The western coast of Africa, for several degrees of 
latitude on either side of the equator, is composed of gi'anite, 
syenite and the metamorphic rocks; the great quantity of 
gold formerly obtained here led to the designation of Uold 
coast. 

Central Africa is traversed by the mountains of the Moon, 
which are primary and basaltic. Much of the gold obtained 
on the western coast was derived from the metamorphic rock 
of this range. The secondary series also, including the 
cretaceous formation, with rock salt, are found upon the 
Northern Slope. 

401. The SaJiara or great desert is a plain, slightly 
elevated above the ocean, extending from the rocky hills 
bounding the valley of the Nile to tJie Atlantio Ocean, two 
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c liundreJ and fifty miles in 

lengfli and varying from seven liundred fo 

twelve hundred miles in width. Its swface 

is loose sand, with intervening portions of 

iirth ^nd Silt and oooa- 
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volcanic peak of Teneriffe r 
sand two hundred and seventy-five feet 
ahove the ocean. The axis of Madagascar 
is a chain of mountains, pai-allel to, and of 
the same age with the coast chain oa the 
continent, the Mozambique channel onlj 
intervening. 
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403. The form of the Sou/li American, 
continent is due to the poailioii of the tiiroo 
mountain chmns, tlie Andes running near 
the ■western coast from Cape Horn to the 
isthmus of Panama, a chain of small width 
but of majestic height, dipping rapidly 
towards the Pacific, but sloping on the 
east into level plains of great extent ; the 
Eraail chain between the Eio de la Plata 
and the Amazon river j and the system of 
Parima and Ghiiana between the Amasion 
and Orinoeo rivers. These mountains are 
primary and volcanic, covered by slates 
fossiliferous limestones and red sandstones 
of various geological ages. Coal and chalk 
are found at an elevation of thirteen thou- 
sand and fourteen thousand feet above the 



The extensive plains east of the Andes 
are so low, even neai' the foot of the Andes 
that a rise of one thousand feet in the 
Atlantic Ocean would submerge more than 
onehalf of the continent of South America. 
These plains are divided by the mountains 
and table lands of Parima and Brazil into 
three different basins differing in aspect: 
the Llano&, or grassy steppes of the 
Orinoco; tbe Silvas or woody basin of tho 
Amaaon covering an extent of two hundred 
and eighty thousand square miles ; and the 
deserts and pamjios of Buenos Ayres and 
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Patagonia. Ttese plains are of i-ecent geological origin, and 
have furnished very interesting fossils. The tertiaiy atrnta 
are extensively developed in many localities, especially along 
the terraced coasts of Patagonia, and hordering the plains. 
Portions of the continent many hundred miles in length have 
been raised from heneath the ocean within tie period of the 
shell-fish now living, which are found in the plains still 
retaining their colors. The volcanoes of this continent are 
among the most magnificent of the glohe 

South Am ah 1 n b n dist ngin^ihed for its mmcs 
of gold 1 djltn m Th d monds of Brazil aie 

obtain 1 f n th 11 iro th m's ilsi iie found in 

the ro k s th t p n -aid nd sapphiie 

404 Th And nt th u h (T latimala and Mex- 
ico in an g 1 m stu f t 1 1 1 n Is and mountains, 
consisti g t c; n t gn and m late, with a large 
admixt e f 1 n nt nd n d n ; secondary sand- 

stone and bm t u t g th w th alluvial deposits 

along thcots Fw nfth Ihe rival this in in- 

tensity t In t n Th m n f Mexico which are 
in talc dm Ite tintinhm tones and porphyry, 

have yielded-a large amount of gold and silver. 

The mountains in the West Indies are similar to those of 
South America of which some of the ranges appear to hn 
continuous ; this fact together with the identity of the fossil 
remains of estinct quadrupeds, renders it probable that the 
West Indian Archipelago was once a part of the American 
Continent, the area of the Gulf of Mexico and the Carib.. 
bean sea haring subsided at a recent geological period. 
Secondaiy and tertiary sti-aU are also developed upon these 
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islands attended by tlie drift and alluvium. Tlie islands 
are still subject to violent Tolcanio action, especially earth- 
quakes, and extinct craters are commen. The Pitch Late 
in Ti'inidad is thrfie miles in circamfevence and of unhnown 

405. The general structure of North America is simple ; 
its form is due to the position of two mountain chains — the 
Eockj mountains running north-west, and the AUeghamies 
northeast, including one of the most esfensive hasins in the 
world, embracing three millions two hundred and fifty thou- 
sand square miles. The Rocky mountains are composed of 
primary rocks, covered by sedimentary rocks of vai-ious geo- 
logical ages, intersected by volcanic eruptions, though active 
volcanoes are principally confined to tio northern part of the 
chain and near the Pacific oeeaa. At the base of these 
mountains on the east lies a sandy desert four hundred or 
five hundred miles wide. Kock salt and salt lakes are found 
:a its vicinity. The coal fonnalaon with its fossils of tropical 
character is found at Melville Island in 74i° north latitude. 

The auriferous deposits of California are alluvial, the 
detritus of sandstones, limestones and slates, especially tal- 
cose slate, intersected by quarta and porphyiy. The gold is 
also found in veins in these rocks. Cinnabar the oi-e of 
mercury, silver, platinum, iron, tin and lead are known to 
exist in this locality. 



406. The Alleghany or Appalachian chain of mountains 
separates the gi'eat Mississippi Valley from the Athtntic 
slope ; it condsts of a series of from throe to five parallel 
ridges with inteiTening valleys. Extending into New En/i' 
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Jdiia! these mountains form the substrata 
of the geology of that regioa, of which 
the nnstratified and laetaraorphic rocks 
form the principal pavt; limited portions 
of more i-ecent sedimenfai'j rocks overlie 
them, among which the aew red sandstone 
is supposed to be recognized in the Con- 
necticut Valley. 

407- Tho Atlantic slope is very nar- 
row at New York, but in its southern 
portion extends several hundred miles 
from thp ocean. tJpon this slope in New 
Jersey the new red sandstone is found, 
succeeded by the cretaceous forroation, 
consisting of marls, limestones and green 
sands, thp latter extend to Alabama. 
The coal in Virginia near Riclimond is 
assigned to the Oolitic period. The ter- 
tiary aeries commencing on the coast of 
Massachusetts extend almost coEtinnously 
along the Atlantic coast into the Missis- 
sippi Valley ; in the Carolinas, Georgia, 
and Alabama, they are extensively devel- 
oped, furnishing many characteristic fos- 
sils, which are however very rarely epe- 
oifioailj identical with tho tertiary fossils 
of Europe. 

408. The tertiary rocks constitute the 
principal part of the surface in tlio South- 
em states ; they repose upon the creta- 
ceous, and in the lower portion of the 
Mississippi Valley, these together with 
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the allnviuia overlie the palieoKoie strata, as is shown in the 
flection, Fig. 170 ; in wliich 

1 indicates the modern allavium of the Mississippi. 

2. The ancient fluviatjle deposit with recent shells and 
bones of extinct mammalia ; loess. 

2* Marine and fresh water deposits with recent sea 
sheila and bones of extinct land animals. 

3. The Eocene with remains of the Zeuglodou 
a. b. Terraeea, 

4. Cretaceous formation, gravel, sand, and argillaceoua 



5. The Palfeozoio — coal measures of Alabama, 

6. Granite. 

409. The stratified formations of the Mississippi yallej 
and the western ridges of the Alleghany Mountains are the 
older — palseoBoic rocks, which aic expanded to a vast extent, 
and of very great thickness, while the secoiadary formations 
with th ption of very limited portions of the cretaceous, 

a d fl nt Tertiary and alluvial deposits also estend up 
tho 11 J f the Mississippi and ita trihiitaries. The strata 
r t ng up n the primary rocks over large areas are the 
8ilu n a 1 Devonian. The carboniferous limestone is 
kn wa t I n dcly extended in this valley, and the coal 
f m t n pp ITS in many localities. These strata have 
f ju ntly b t little iiiolinatioa, but are of great thickness, 
and abound in characteristic organic remains. 

The identity of the great systems of the paheozoic rocka 
ia Europe and in the Mississippi valley is easily recognised; 
that of the minor subdivisions is however, in many instances, 
obscm'o. The thorough geolo^cal surveys made in some 
portions of the United States whose rocks belong to these 
systems have led to the adoption of some provisional terms 
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baaed upon certain peculiarities of tlie roclis, or upon the 
looalitjes wbere tliey hays been investigated. The subdivia- 
ioM of tlie syateroa made by tke New York survey, consti- 
tute, for the present, a convenient standard of reference. 
The following tabular arrangement, by Professor James 
Hall, eshibits the correspondence of these syate-ns in Great 
Bi-itain and New York. 



Old Red sandstone. 



H milto gr p 



Upper and Lower Ludlow rooks, 
iucluditig tlio Devonian Sya- 
tem of Phillips. 



Its 
g P 

; 1 

1st 
glmci 



. Wenlock rooks. 



These fomiatioi s ere not m 
fuJlj recognized it Great Bri- 
tiiin as ill NeTf York. 
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The order of s 

these rooks is exhibited in a ||i|g ' 

Boction from Canada to Penn- oSi|| 

sylraniaj from the primary to g" » 

the Old Red Sandstone. Fig. ^^^ 

410. The differences Ja char- 9^ . 

actor and amount of develop- ^ a. 

ment which the same strata pre- ?■ g ^ 

sent in localities remote from "^ p- 

each other, have induced a di- ? '' 

versitj of names applied to them o o 

in the TJaited States. More ex- ? 

ti^aded surveva and comparisons 3 b ^ 

will pribahlj '(how thi, identity " ^ ^ 

of ?ome now regs,ried as di ^ 

verse feince thi, mmeial char „ ^ " 

acteis of the&e sti"ita art, very g "J 

fluctuitmg then oiganio le | 

muna are leemed the moat re f || B' 

liable means of determining 3'" ll" 

then identitj or diveisity 4. gj^" 

table similai to thtt juat use 1 ||^L 

for the comparison cf Biitish ^|b| 

and \meri(,an sj stems his been ? a^ ^ 

construoted by the same geolo- |;| | 

gist to show the equivalency of ° ^^ 

the lower strata in America, ^z^ 

bearing different names ia five £| 3 

States, NcwYork, Pennsylvania, «|<g = 

Virginia, Ohio and Michigan. «■§ I 
27 
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411. The/ossiis are said by Professor H^ll to bo inoie 
mimorous in the rocks of Aiuorica than m those of Emope 
of the same age. Some of the estinct species of the tigher 
mammalia, found in the recent formations of speciil mteiest 
are, the Mastodon, Mammoth, Megatherium, Meijohnyx, 
fossil Elk, several species of fossil Ox, W<drv3, Zewflodva, 

412. The mineral treasures of the United States are, 
though imperfectly explored, known to bo rn,li and abundant 
The Coal measures of the Carboniferous peuod are devel- 
oped on a scale, so far as is known, unequalled m the 
world, furnishing a supply of mineral fuel amply suittent 
for the requirements of the whole civilized woild, tor thou- 
sands of years, even should the demand increase rapidly, ind 
the consumption continue to bear refeience to the mul 
tiplication of all kinds of industrial occupation.* The 
AUeghaay coal field is seven hundred and fifty miles long 
with an average breadtb. of eighty-five miles, embracing an 
area of sisty-flve thousand square miles, or more than forty 
millions of acres, distributed in eight states as follows : 

Pannsylvanio, - - 9,500,000 Eentuoky, - - - - 6,750,000 

Ohio, 7,500,000 Tennessee, - - - 2,750,000 

Virginia, - - - - 13,500,000 Georgia, - . . - 100,000 

Maryland, - - - - 350,000 Alabama, - - - 2,250,000 

The Illinois coal field also extends over an area of more 
than fifty thousand square miles ; of which thirty thousand 
are in the state of Illinois, and eight thousand in Indiana. 
This is exclusive of the great coal-area of Missouri whose 
extent is not ascertained. Tho varieties of coal in these 
fields are bituminous, cannel, and anthracite; tte latter is 
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found m Pennsylvania ocmpying an an,a of two liundred 
thouHinii J.ciei, m three principal distiiota, in one of wliitb 
there lie sisfeen workable beds ot thieo feet oi moie — tlis 
thickest being nearly thiity feet The bed'' ceaoe to be 
anthrjcitic at a distance from the piimirT loaks of the 
mountains 

The Michigan 
coal bi'in het, in 
the cential poitioas 
ot tht, State, aa is 
lepresented bv the 
eh ided pirt oi Fig 
176, ind IS one him 
died and seycnty 
jnilea long by one 
hundred miles wide. 
It is underldd by 
earboniferous lime- 
stone, soft, light col- 
ored sandstones, ar- 
giilaoeous slate, and 
flagstones. 

413. Iron is found in quantity and quality adapted to 
working in uumarous localities. The deposits of specular 
iron in Missouri, and near Lake Superior are among the very 
largest in the world. 

Copper occurs native and aa an ore in great quantities 
on the shores of Lake Superior, in Missouri, and in less 
amount in Virginia, New Jersey, and New England. 

One of the largest deposits of had known in the world 
is wrought in the carboniferous limestone of the nortt-west- 
am and western states ; and is estimated to be capable of 
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yielding more than oHf lianilrcd anJ fifty millious of pounds 
annually. 

Gold is found in the piimary rocks of the Alleghiiny 
Mountains in quartz rock traversing the metamorphic rocka, 
paTtioularly talcoao slate ; and in greater quantities in the 
same geological position, and in the aUuvium of thes« rooks, 
in California. Silver ocours also asiociatod with gold, copper 
and load, Bork Salt is found in limited quantity in the 
strata but is obtained in abundance from the brine springs, 
which rise from beneath the coal. 

Inexhaustible supplies of granite, marble, freestone, and 
other rocks adapted to arehitectaval purposes, are found in 
the primary rocki, but are as yet little wrought. 

Mineral fcitilizers of soils, gypsum, marh, and the 
phosphatf of lime, aro found m numerous localities. No 
ictive volcanoea esist m the United States, nor are there 
indications of igaeous eruption? east of the Kocky Mountains 
since the protrusion of the trap. In the Bocky Mountains 
pumice and other evidences of more recent volcanic agency 
occur. Severe earthquakes are very rare; Thermal Springs 
however are abundant, and ia some instances of a high 
temperature, as the hot springs of Arkansas and Virginix 
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BLOSSAIH OP TEEMS USED IN SEOLOGY. 



Abkoiites. Mineral masses that fall from the atmosphere. 
AHite. A white variotj- of Feldspar containing soda instead of 

potash. 
Alff^. A division of crjptogamous plants, Sea meeds. 
Alvfola, Socket of a tooth. 
Alveolus. A obamber of the belemnite. 
Amorphous. Devoid of regular form. 
AituHphonoa. Animals without definite form — Sponges. 
AnalciviC. A simple mineral of the Zeolite family, found in trap 

and granite 
Analojue Abodj resembling or eorresponding with another body. 
Anckyloiis A stiff, immoi able joint. 
Anhydrous Without isatei 

Armelvtet Worms liaving tie integument formed of rings. 
Anhdiiuvian Preceding the deluge. 

Anteana Articulated burn? of insects and crustaoea — feelers. 
Anthracothenum An oitinot quadruped, allied to the palteotherii 

found foaail m l^e coal beds of tlie tertiary. 
AnihrBpomorphom Resembling the bum.in form. 
AntiaqiUc Preventing putrefaction. 
ArgmUfcrous Containing Silver. 
Arragomls. A vaiiety of CarbonatO of liine. 
Asbeslui A fibrous mineral, of which an incombustible cloth is 

;ueu tT free stone when squared for building 
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i'M OLOSSARY. 

Awri/erotts. Coutainiug Gold. 

AvtUatiche. A mass of iee, saow, or sarlh falling int« a Tallcy. 

Ailerol^i. A large fossil fish found in the Old Red Sandstone' 

Bacbliib. a many ctuimbered shell resembling the Ammoiiit« 

uniTouud. 
liari/te!. A minerji] so called from its great weight, 
Basselt. Outcrop of strata. 
Bmd. A miuer'a term for argillaceous Slate. 
Blmde. The Sulplinret of Zinc. 
Bluff. A precipitous bank. 
BoiTyoidal. Resembling a buucii of gropes. 
Brackii^da. A group of .'jhell-beanng asimsls baving two long 

spiral arms which assist in locomotion and in procuring food- 
B^uui. A tuft of hairs by which some ehell, fishes are attachod 

Calauime. Ziiio ore — tlie carbonate of Zinc. 
Gain Sinter Calcareous deposits of Springs. 
Calcme. To teduce to powder by heat ; to expel oarbonic acid as in 

burning lime. 
Calp. An impure limestone of the palccozoio rooks. 
Cannd-Coal. A hard bituminous coal burning with a clear flame 

and sometimes used instead of candles. 
OaTapace. The upper shell of some reptiles. 
Corse, A Scottish term applied to the flat lands in valleys. 
Gatadysm. A deluge. 
Oetacea. Whales ; vertetirated mammalia living in the water, but 

not Sshes. 
Ohali/beaU. Water holding Iron in solution. 

Ohert. A siliciona mineral resembling flint, bat of coarser tescara. 
Choks-damp. Carbonic aelil in mines andwolls. 
Claneh. The hard l>eds of the lower chalk. 
CdUoptera. Insects having hard wing cases; beetles. 
CrmchoiSal. Resembling a shell. 
Canglonierate, A rock made np of roundcii, watpr worn fragmeata 

oepiented together. 
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Coombe. A dry vdlej. 

Culm. An. impuva kind of ooal. 

Ctimbrian. A name applied by Professor Sedgwiokto a system of 

of rocks observed in Cumberland, England, now merged in th* 

Cnmbrion or Silurian, 
Cupri/ero-as. Copper bearing. 

Debacle. A great rush of waters, breaking down obstacles and 

dispersing detritus. 
Debris. Ruins or fragments; detached from roeke, and acoumu- 

Denudation. Removal, bj water, of masses overlying rocks, leav- 
ing them bare. 
Deaskaikn. Drying np. 

Bitrilus. Sand, graveL claj, &c, worn off from rooks by wat«t. 
DolsriU. A variety of trap-rock. 

EoHiNns. A marine radiate animal covered with spines called sea 

urchin and sea egg. 
Ecpj/rosk. Destruction by fire. 
Elytra. "Wing-sheaths of beetles. 
Epoch. A point in time from wliich a period is reckoned; also used 

as Bjoonymous with period. 
Equivalmt. A terra applied to strata In different regions, wliose 

origin was contemporaneous. 
Erosion. Wearing away by ivater. 
ExuviiB. What is cast off ; a name applied also to organic remains 

Faivns. a French term applied to some tertiary strata, resembling 

the English crag. 
Facette. A little face. 
FeTTUffmous, Containing iron. 
Fiord. A deep, narrow inlet. 
Fire Clay. A clay containing little alkali, and consequently very 

difficult to fuse. 
Fire damp: Carbnretted liydrogen in mines ; mixed with air is 

very explosive. 
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